Searching PAJ 



1/2 s<—i> 



PATENT ABSTRACTS OF JAPAN 

(11 publication number: 2000-123325 
(43)Date of publication of application : 28.04.2000 



(51)lnt.CL 



G11B 5/39 



(21)Application number 


: 11-290197 


(71)Applicant 


: READ RITE CORP 


(22)Date of filing : 


12.10.1999 


(72)lnventor : 


LIEN CHANG WANG 


i 






CHI-FANG RAI 






TAI MIN 
ZUPEI SHI 








BILLY W KLUGH JR 



(30) Priority 

Priority number : 98 173472 Priority date : 14.10.1998 Priority country : US 



-;50 



m&m 



31 



(54) METHOD AND DEVICE FOR PROVIDING SPIN- DEPENDENT TUNNELLING EFFECT INTO 
READING HEAD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a reading sensor 
with which formation of short-circuit path between 
plural electrically conductive layers of a reading sensor 
is prevented and interlayer boundary surface control of 
high grade is realized and a manufacturing method 
thereof. 

SOLUTION: A SDT(spin- dependent tunnelling effect) 
reading sensor has a first ferromagnetic material(FM) 
layer and a second FM layer separated by an insulating 
layer. The first FM layer and the second FMN layer are 
substantially electrically separated from each other. A 
sidewall of the SDT reading sensor substantially does 
not contain a conductive path between the first FM 
layer and the second FM layer. Further, a surface of the 
second FM layer extending substantially parallel to an 
air- bearing surface retreats from the air- bearing 
surface. A manufacturing method of the SDT reading 
sensor contains a process for depositing the first FM 
material layer, a process for depositing an intermediate 

insulating material layer on the first FM material layer and a process for depositing the second 
FM material layer on the intermediate insulating material layer. The second FM material layer 
and the intermediate insulating material layer are subjected to etching. The etching is stopped 
before the first FM material layer is etched. 
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[w*^ i ] 3 mmm^&mmt >^^t, 

T?^4 7mfr£>3imw\zm%.mzftM2riT^z>%i2 

mzm \7^=r^ yiM2 7^f-f -jmv>mz®.w. 
r&'pmm-c&iT, mmmim^-mzmmv. mam 
i <Dmt^mmizm^m3 ^tz^-oxm^nr^m 
3it#st, mmm2mnmz : &mv. mmm2<Dmt 

mxm 2 } mxm i tcE*£© 3 mmmmmm^ 
m\z^mm\zmc.r^jz7 ■ ^/u >y®$««r^m 

lMlSil^L, mJEf^T^-YyjKi. S8IBX7 • 
^7U >^®tteS&3¥BiC&«T&|g2#fo®£* 
T£C<h£^<iT5 3«Jl^^i^ll-tr>1t. 

mim 3 ] • bi^s 2 (ctE«cD 3 sgsmt£tn«-te 
mm&i7p : r-<iym~BLZsm.27t> : r-< -7m\n~ mm®. 
z\n\z£-z>-c. m^mmmi7^ : r^-ymRum27 

K 3 SMKffj&#ig&£-k >it«. 

T^tV ^)1^6llltW»c«»Wfc4MltStlT^*JB2 
7?r^It> 

mess i7?r^ ^ss^2 7i?T-f 7« ©raters 



3*#®<h. iitlEff§21||^®iCjftJgU lOTEiS2©lS£: 
*K ftfC^I b 4 ®|C J: o Tl^$ ftfcSS 4 

[»*a7] ®.%mm& (mre> t/ux^m 

il'J-HSMtilit, 

k J: o Tfrm-znm^znmmz wfcfg 1 

SB 2 Sr-a- tf > if &©» £fflESg 1 U - 

H £2m«Hc:¥fT*fc:-r «fc 5 let 2.IS «t> 

»»jBxtJf«riBSB 2 wftm&Kwzn'Rmzn&mizft 
m $ n & j: o iz-r z urn t zmz. z> m r e -t >u- * ^ 

«rESB2»»»©SB2ffik:«aWlc««$n, WE3B2 
»»JlO» 2 ffiKH® Mic^PfT&lg 2 U - H 3 

rnrnwco m * x •> ? > ^-r s ig 

mlESg 2 4TO M * ft 3 L T x y ? > if V , WE+ IWWlsf 
^^+*T»^x^5 L >^ , b. cnici-^T, WEIg 
1 2 tt»H3jJSV»fc*»69K:«»KHc»* 

[i»**9] m#m7 izmmojjmz&^-c. 

mmW, 1 SttlS 1 ©"tiSr^U. SflESg 1 ©«»4«fE* 2 

[IS^JB 1 0 ] 7 (CE«©*ffilC*^T, 

iilffi*R©iS««**5IlH:. 
i6EfBl«»JiS:it»ia-&*iet, 
fltrE* K^g^MESS 1 «»«±^*a$**XS 

SB2»»JI*«IE+m«»»±^*«S-a--6XSi:. S 

1 1 ] mutm 7 \zms.(D^m\za^x. 

HflEMR E-fe STUM. 
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U- K leaf* fcT7 • *-;U£Pfi£U mlfBf 

■t >-y-ji©x y ->*tc ct o x4>& < t hUftmizwfez n 
t5iST-*^T, ttEtestwjifcxy^^Tsxs 

itrlSM R E-fe >D-£iKri2x -y i^fflS 0 ©Wa-fcifij* bT 
[M#« 1 2 ] 1 1 K8E«©irj£K*^T, 

Mrt m&om * x -y x > ^ u t h s m t . me u - K*r 

n £ x <y 5P > * X8 * 3 £ fc^tr 

[»*S 1 3 ] 1 1 tCE«©7JffitCi5^X, 

mlEffi& ©H * X y X > £f -T -5 Xg fit . 

me$ i ^5'j>m^i)a<, hueus 2 tm 

imxm 1 4 ] m&m 1 1 tcge*©^^^, 
ittrE«&©jf $i7?>misn 

h • x-y ;^£WT5«fc5k:iffiEm2*mB£/ , ?:S'-x> 

^-fsxg^tr^is. 

m*m 1 6 ] mxm 1 4 iciB«©*air*nT. 
irE2Siii/-^x hwn 

#£©«tii£HtEHgt©JI©X-y S?Cifi«T-5fflE*ft 
St, 

i!iJE?I§8:©li©iiMBx-y vtfjfiiciJ^T, MESS 1 *m 

[If 1 7 ] 1 5 ICfBScO^ffilCiSlAT. 

ffiB S 2 « © 5 y K > y £ £R« URjL U fc *« 6 , 
AftEfglttfMK WE+W«»BR^S(rESg2«!|sf@t 
*»WK*£TS¥ffirtX-j£KfcjKr7 y fc'^TSXg 



tSESfs i ->-;v K*ffit*ftwic«t«snfciB 1 y - f 

«IE3Bl->-;PHa®±IC»J«-rsiSi:. 

jb 1 tmjf , * r B w»ss^sg2«i^®^t9Eig 1 y - 
KX^*i«$-y-5xg£, 

if A>e>i5j6rr3xg£. 
WE->-/i/H©«»*«mr*xat, 

x y i> £ m T Z> m m £ M JTT -5 ft tb (c, ffi E <f ra *m 

■o«»*iKie*iBi«»ji©^jp«to»v»j*att)fco 

WESSl 797-4 :/Jf©1l&E^«fcD^|g;RtfX-y v£ 
WT^|g2 7i'-x^y)lT$)oT. *ffESB2Xi'5 i 'C^' 

T£lffiESS2X^7V y^^^TSfeftfC. 1fflESfl2 

x y c it mmm? -5 gu * mm $ -a- * xg t . 

KSr, mlEm2Ti7^^7 r Jl±(C^fig-r«.X8<i:, 
fi£X^X8i, 

1 9 ] it^s 1 8 \zmm<Djjmz&^T. 

XX • '<X i ;>^®*WESg2Xi7 7 i >f ^S©WE^|p] 
X -y >^©5p® <»: »4*M W S^c ^ ^ffi 1*1 (c -5 
(-> IQEaSl 7^r^yiSW5I&, fldEHlX^ 
f^m MTE|g2X : f^y®XOCWEfiaS(^L 

iz<£tsJ5&. 

[0 0 0 1] 

• K^-f^fcWU ckDS¥SffllC(a. (magnetor 
esistive (MR) ) RlROAyH. $efci¥iffl(ctt, 
Xtf >fe#h>^U (spin-dependent tunneling 

(SDT) ) R«0-fe>U-Rtf-t-O«ifi*j*^Mr*. 

[0 0 0 2] 

[Sf*©^] 6Sm^Xi7 • K^-f 3>tfa.- 

sioaittc^ffl^n-s. hi (a) ikum\ (b) 

^T, a^Oi^Xi? • Y=7-i-?\ 0«, ->-;|/H 
•X>i7D-i?^ 1 2t. T^X^IKt-^Ht. 
X— 1 4©|g»)XH>H;PS 1 {Cct-pXlElte©fc^lC 
^Jt^tl^fiSMxi-X^ 1 6 t, 7yfal-7l8 
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y3>2 2©-Stt7-A2 0^$n, 
O/SjA^-;, b\ IP*,, h5>Xra-^2 4^ 
£tlTI^3„ -fig^tC, h7>Xra- tJ-2 4tetp$» 
ii*-g*&Z>*ir>1tScBfD^$:^"r^ (K2.#B8) ■> 

1 4MMf^X^ 1 6 ^^EPRT^-Tct^iCia 
te$-&Tl/^^> XT • ^7 U h 7 >Xra-D- 

-y-2 4iii^xi' i 6(D^mfi^mMzm^>±if 

4£^RfflftT[HlS!j;*-tt;5>P B l, «»©ffi&m 

[0 0 0 3] H2tt««cOS*3 2a^»a*s* (- 

&&-mm 3 4 ©f£aj3*lfc#Xy vte, XT • ^T'J > 

[0 0 0 4] S&&DgJft3 2tt*l SHI 
m 2 ->-;U K S H 2 t VT®L±L-Z>tpfflm 39t, fly 

h*sm R^fg 2 hsh2 <Dmiz&wrz>m 

^SfetSft^: (magne tores is tive effect (MR E) ) <h 

X;7 l 6A^M$n§7U>y>^I$fi:t*©?(.31 
IMc*fLT, SE^0ir>t7-4 O^Sffl^-fr^Cttci-D 

•fe>-y-4 0£8tSD*>Sffi£-»!lJrr-5fcJe>JC. s«ot> 

■y-4 o^®oT^n^-k>xiio5^ffiffl-r^^<ttrcto 

T, Jt^®5te$iARSr«ffiT«). AR/R©it#if;* 
T^ICS^T, 7U >^>^:s|i©tfcffi»Ci5tt-5gfcJ&D 

[0 0 0 5] R«C0-t>-!J-4 0TftoJ3ft*«SEffiin8!l 
^©ag|K:l£> S;^ttffi£$H£ln; (anisotropic magnetor 
esistive (AMR) ) S»*Rtfg*«SUStfi[ (giant m 
agnetoresistive (GMR) ) t$5t© 
Mil/TB, SDT-fc>-y-T-ffifflWtg&Xfcf>ft#h 
>*U>^ (SDT) J»*j&f*lf6tl*. SDT-fe>l7- 
©ttB&Ste, 0 3tC*5tt-5^O-fe>-y-4 OtCfcoT^ 
StlS. E^T-5«t5tC, SDT^0ir>l7-4 0«3 



^0 3fiJl«. «H*JlINSK:«fcoTHTe>n 
fcg§13£fi&tt#: (ferromagnetic (FM) ) fFMlt 
?g2 3$fi£tt#:Jf FM2 tSft 5. ^nSfflltty-jP 
HSH 1 , SH 2 lcMbT^Mff)}C¥fT(C^(pJ#^^n 
TH3„ foT, -fe>7.«cSEI Jy-;^*SHlS[Jty 
-;l/H S H 2 ©M© S D TmWL 0 -t >-!)- 4 0 IcSt Lfc 
E£, «attt3o©^FMl, FM2, INSfC&&i££ 

>-y~tt^ I ®iB3S^St (current perpendicular to plane 
(CPP) ) ^-K-riM^BrtB-C**. 
[0 0 0 6] SDTilt)t>f4 0Tlt 20©§£® 
ttftlFMl, FM2j&«m«<hbT^n-?n&SgL*§ 

2-^©eS®tt^SFMl, FM2©fi8{fcMl, M2©*1 

SDTSSffiO-t>-y-4 0 ©SJa*^tr-5. ;i©igjn© 

#H2, 2-D©!i®14^S©-5^©— *©BSfb©73lRj*ite 
y5©3$6ltt#:JI ©&{fc©#p=Q lc*t U Ti£ Wt £ 

3feU 2O0MM1, M 2 ©y5[P];oSSWc¥f? 

tev>j£sw*£i;<&. — ti&mz. sDmsot>^ 

(S1*T18~3 0%©AR/Ri, 1 OmVctDilSU 
tB/jmffii^^-r. ^©Ui/7«fftt^-<©flfi©S^©M 

x?Rzm®&m<Dmmt3£izi%t,mm®m&m-rzm 
m.m#%nm-rz>—^ z\<Dm\zm<,mf&mmzMfe-r 

5MKiBV^^9^>1tt$flgSI3t©g#KJu SDTg^ 

[ooo7] mi fmifm i. mmm i Ns&tffg2 

FMIFM2^ifrr5t*l;. 3O0OT^l'J- 
K (u^Tttll y-;PKSH 1) ±-.»^e<JtC*6«$ 
itZ>Zt\Z&^T, SDTK*Ot>1r4 0t»l«TS 
5. SDTR^O-t^tJ-ttCPP^E-KTKlf^-rSfc 
AR/RHSDTMOt>D-©SS0I0H(Di 

ItllCioT, JEtCift^AR/R^Jf^-f^fci^tC. F 
Ml, FM2R:On N S >#>75>'0 > • 7"DtX 

[0 0 0 8]^T, FM1, FM2MINS^M 
T^fcfetC. -(SMa/DtX^fflUT, -fe>+M14 2 
S:X-y^>^b, I2'J-H (£©0m*Sg 2 ->-)U H 
SH2) SFM1, FM2M1 NS©±(C*i^$i± 

£'STib5. ta5.^©«t^tiC, 3t?©±T©«^^ r 7 
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V^k'tt-otzM^, 3:3©Jf©3*>©l ■3friE>X.y?->tf 

m i ^m^m^x^tzitm 2 ^satt&ji ©-g&©s 

HJ-6, S»i&a««fi4 lfcj&oTFMlRtf 
FM2©HlC^3n5. £©<};5&M&S&tCck9, S 
DTt>U-4 0 (iXt>ft# h >^U >yi*SM« 

SI)!/$ fcttPtfH©;*^ -5 "TP -feX T -5 d £ (C <fc 

o-tr>-y-©SMl^*»c^^T> c:n«px n©,st$j* 

[0 00 9] £©Sgit:/p-t:X©t£©g:Pg-ett, 17- 
^7'J>inBABS6»J«TSft!&l:. SDTir>it4 
0©1g&©-tr>+)-|l4 2 'ne>(Dt>1M4 2 

tc. r©yp-fex<F> «&©ji©-5^©i oro*fr6]® 
(Strffi) . gp*>, ^fp]x-yv (7P>h-i7-y) ©** 

»*«ftOiO±^itt3nft«. FM 1 Stf/SfcfciF 
M2CD*f^dtie. 2c>©Jf ©Rgtc^i^nf;:*^-, z. 

K10t>-9-4 0©f$H*5|<^ttW5. £© 
reft, FMl&tfFM2#MC5WC&ifibTi*T# 
D, ^tlfCioT, me. 2^©Jg©fg|{;::fctt5^i*© 

-T3KIfcO&fig©{£T<i:«, CPP^-h'TlS^-r-Sffi 
[0 0 10] 

lc> &^g«©^9ir>1^*feJMWcJ;oT, £©St 
[0011] 

[&g£«ftT*fc«&©#g5:*5«fctf-?-©f£flJ -26*] * 
X£?i]flJUfcj&*&. WRrfc, MK:ifiSV>ttflB**«-r* S 

DTM5toir>-y-sr/^©?a^*s^Ji«T^. 

n, ^8&^2^©^mtt«:HPBitc*«et;<c*^-r> 5 

S D TBHJl 0 -fe >-y-S»«r S'C t tCck o Tit/S^tt 



So 

[0012] *mwa>nmMWuz&5 3hsm 

tt^j|H:>imm 1 7 :/)!£. SS2 72^-f 

£, mi T^tV ^J1S^2T^^^ ^ewratCffig 

tatiBiifitts. Wfijtc. mi t^^w ymizm 
-©*§*, m 7*5^ 2 7*5^ 

tt. mi T^f^^IliSi ©IsfcioTiasstifcm 
l*#ffi&*U JB2 7 , ^5=-^yjBttSBl©««t:»)/h3 

^m2©"fs{c«fcoTia^$nfcm2^i?.®*WL, «ps 
jffami^Btcifia&u miofgtsmtttc^L^m 

3©i|l{cJ;oTiBSStlfcm3^ffiS'#T-5. II:, 

+wsttm2%#®{cifi^b, jB2©«tgi»wte#b 

^m 4 ©tstc <fc o Tl^SnfcI 4 &!¥-ffi£ 
[0013] *%BJ©S"J©*Jg^ffiT'tt, ttftjgttft* £> 

-^£&Mtt#:^S&tr;t&©#&#.^3it < b, 

m^t&Mzti, 7— frzw&.&fctbizm.m 
an*«HB0 3aji«affitaSft* (mre> -t>-y-<h, 

fit. sajBMRE-fe^tt^— ^©ttWtOfc^tSWc 
ift^Wft&mSKSrffigrt-S,, *^K©#5t©ffi«T : 
fit, 31lMREt>+Kf)f 1 7^7" ^S*f(pJ®RZJC 

Bl*3fi:*»«fi:#ftU l2 7^r^yiMIia!3i|ro 

[0014] *mwoyft\<D$mmmT^ ms&v&mk 

(MR E) f/HX^MTS^att, *1U-I<&» 

fi&T*x@<t, «iu-Ktawi:»8H3nfcMRE 

snfc^2'j-h*5Mt5l@t, £-&tr. ^©MR 

E-t>u-tt, mi u-F^mscwtcg^ti, miu- 

Hfc*»WK:Wr*<5JB 1 *S£*rr*SB 1 7^5V 
*Rttfc¥ffT?*oT. fP^S(CJ:oTmiTi7-7"^^ 
S£, S^tr. JO^-T, mi 7i7^^yg©ti«m2Z 

m i u - Hsixm 2 y — K©mc#err 

Hi- *2«»«**|B»f»Ji±^iftf|S-&Sxe£ 

*£t*c: * uir». m 2 wift^4>n«»i«. 
i7f>^n, ^-©x-7^>^«, sBitm»*xy 

[0 0 15] *»not»«)»t)»l«si:Kv«ii/ 

^)v^<Dm§m&<Dwm.r)**imz-$-z>. ec, 
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h T^T'I* 3 5 y- n >KT<©mf5J^oi<£WT^ C P 

fgej (Dm&omffimmiz <t x s d t k% v -t >-y- £t§ 

<u^m&&$zmmz±<±uz>z.htftn,\ 
[ooi6] *%w<vMm<Dmmz^mj)mz&>Te>m 

M%\zW*>fr\zt&Z>„ 
[0 0 17] 

mm<D^mo)mm] mi (a) , hi (b) , 02, 

^BJco-^liS^jicfie^ s DTir>-y-cDSjt^ffi 5 0 o 

bfcSh IS 5 4 fc:fet,>T\ 111 V-^h'^a&JitC^ 
S i ZMffculffiTtb 0. il ->-;P F HNiFei^ 

»j«-r*. ii 5 4 iccfc^x, sg 1 ^-jvv^mmmiz 

[0018] IS 5 6Ti£. m^g^$m£»S;&Z*Sg 
m&M-m±\ZM!$.-tZ> 0 TlOIttA 1 2O3, A1N* 
ft^«£«W^ (CMP) &£<Z>m®<D-7n±;X$:mC 
-elim$-&SC:i:75WSb^„ II5 8TIJ, ^l'J- 
u, Cu fcfctt.T a &£©jg«fc***ma> S»Js£*JIB 

S'rtlCfc.D, Sgl U-H«M5Ci&<.. mi v— 

[0 0 19] IS 6 0T1i. ««5>J— H&MRE-fe>-t»- 
t— m\Z&m-?Z. f©MREt>D-(l KtCt»E*nfc 

IS6 2Tti, I2y-^H^2 7^f^yi± 



7th^h • W7.2hmm-?Z>Z\t.\Z£r>X. 
^K*m£rXy^>^LT. 12 5"-;H*£»j*l,# 
So Ig6 4Tli ir>->>^ • 3>^^7 h£JB5j£-r 
So ^©ir>->>i7* • n>^^ htt, g2->- ;WF#*£ 

jB*»rirr *fc«>t:, miw&m. &2ttnm&zt*m 

t. Ein6©jim«*BA«ac«sn*. cppiKDt 
>it©aMi£#iit(AR/R) t, inicfe^-rscpp 

[0 0 2 0] Xfc:>fe#h>^'J>yS^*^-r-g.fc 
ttA 1 2 0 3 > A 1 N, BN, NiO> Si, Si CSfc 

e. Mf&^m-e& d , * i imjisz** 

2$mjlteN i Fe. CoFe, Co. F e £fcteffcCD 

jft«tt»tm^&-ttt-? r n»j«ir«-c**. si:, mi 

6152 0, 0 0 O^^X hn-A©J»£©f&BtC$> 
0, 4>KJl©J5$tt»?Jl 0^">^Z ho-A^6*5 2 0 
^>^X ho— ACDS6BIC&S. 
[0 0 2 1] IS 7 4 T«s f7 • 3 SISSS 

m<Dmwz£m%}<nj]&-e, t*7 • ^-^x-yg^^L 
f#s. l*>u Hfra©t*T • *-;w^^s^;T2)fcje) 
- >{t$ tifc 2 mm u vt. vmm. &irr l tz 

'f*>-5 l J>^ttfflbT, f7 • *c-^SrXy^> 
miiWtL^. ^n«tl^DlSSfc«giJCDIS 

t, nt7- *-)i,frz>mmLtc®.w\z&^-c. m<o 

MT • *-M31ISiabTSl 'J-F*Tl7f 
>v'L#-5„ I§7 6T'I1 I'r/^tt5^17^f 

S- IS 7 6CC)X-y^>i/tt, IS 7 4CDX-y^>^t 

4-W*J»«SrXy^>^b, CltlCcfcoT, f 2«f4i 

ISWW«i©I -y -^tt» 1 7 i7 5r y V^cDX y 

^n(c=koT, mi«WBS^m2*f^*^Mlc 
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rmmtimmMm^m^m-vh^. sic, MJ&D-t 

£*--r3CoCrPt&<h*©A- H • ;\'-f7Xlffl*ftfflTf 
[0 0 2 2] Ig8 OTfl l7yW5S27^f 
£. 4^$mii£^©£P©}&+£T<D^x 

jerrs. '©x> y ^>y«^2 7^^-c7'es^4>wji 
©&x^c&MT£$m£i&*-r-g>„ itiu^t, 

-cm i t^x-c yisu:i2 7i7r-< -Jmc>T&*m*m 

«2 7^r^ :7*Jf HSgl T^T-f :/Jf^<=>glS«> 

[0023] i6~gi 5\*&mw<D— mm&nz'&^jj 
Mm\z'ftosDT±>D-z^t\jeti5iT. me (a) &. 

Ztm 6 (B) teffS 1 ~>-)l H 1 0 4S.tK5pSYt:^tlfcT 
tOIl 0 6tci:^T«S$tlfcS«l 0 2©¥IiR 

->-;i/ H 1 0 4 ttN i F e &<t*©B«fcffi*©«tt*m 
A^MSntHS. ^ly- ;PHl 0 411 A:?— > 
ftStlfc?;* hVi?X HJi£S«i 0 2±JC^b, i*: 
<^T\ Sly-;i'H#^S«10 21's^7*t5J; 

nfCf^^T, mi >- ;WH$m£S«l 0 2±^XA-;/ 

>^L§5. AI2O3, Si0 2 , Src«ffl©@W«C*6 

;UH 1 0 4£gttrr&fce£>t;;. T^9*m£¥ffi{fc-r& 
'tlCefc-^T. TiOI10 6ttMSn^. CMPy 

n -t x * tz i$m & nt <r >s faro is w=£ -r 

[0 0 24] 07 (A) mSmi (B) lilly-^H 

104 ±.\zwf&-2ntz.m iu-fio8 <D¥-mmRzfm 
vfim&^n^ti^-t. mi u— hi 0 8n# (au) . 

m (Cu) $LtzU5>>*?)l (Ta) ^i*OjSWi^« 
0 8 (A) Rtf08 (B) liIly-^Kl04t, W- 

mtzfttzTrnvm io6t.«iu-Ki 0 sic^-n 

■?nmtet>tltz7>\f>&&h>*i) y>f (SDT) ^-s 
II lOSit. 08 (B) SDT^I 
II 1 0HSDT31I1 1 2t. t<D±lzmt<ZZ>R& 



mtiifr (AFM) 11 1 4RZfWifzt>Z>*^-y vytfm 

1 1 6 tzsts. sdt 3fiji 1 1 2it wmt^ntz 

10 6. mi ;Ph* 1 0 4 2Wfgl U-h* 1 

0 8 ic-^n^tx^fcrrssg 1 wifm 1 z-sts. w 

IZ, SDT3M112I1 iillNSCtoTSl 

ms.'&wm f m 1 <=> km £ ntzm 2 3£e&tt#:ji f m 2 

-©#tf&Tte. AFMJfttSg2 3$fi814#]f FM 

2ro^k^f>±*-r'««ig-r^. tE^T, SI2&S* 
^ >i*-exA y ?mmzi£z> z. t urns. 

[0 0 2 5] 09 (A) &.tf09 (B) teA^ — 
nfe2M7*hky7H20t, ~©A^-Xfc;£ 
nfc2ll7^ hi 2 0^LfcX-y5 1 >^iC 

&r>TM$L-2ntzmi t*T • *-;H 2 2X^12 t*7* 
•*-;H2 4i$i1". £rFtc#srr*J:3»;:. 
«©2ajgX* h l/v'X A— H • /H7X» 

S)^^>. 09 (B) \Z^t7y^— -fry h&^tS&ttZ: 

K?->£M&?zmw£iim<Dm$a<Dj3mz£io . /\- 
?-><tznfz2mmy* bu^x hi 2 

-5. #lx.tf. Sl7*M/yXMl2 6^SDT#l 
SI 1 Oi^ffl^it. I27t hUi?X HI1284 

t<D±.izmm-£i£z>. miy*bui;* hii2 6s« 

»2 7* hl/yX hI128 tC^LT-?-tl-?nS^-5« 

n^.„ /^->-fb$tlfc2SJl7* hl/yX h 1 2 0 £ 
^fflfS'ttrctD. <t>-S'J>y-(l ^l'J-K 

1 0 8<&Bm-r«.fci*{CSDT^Mgl 1 O^KjiTS 
Ilk'7- ^-;H 2 2RZfm2 t'T • ^— ;H 2 4 £ 
ffi*J5rt5„ I©l73 1 >^Slk , 7- *-;H2 2S 

xsm2 mt - *-;n 2 4<DmR<D-&&^n"enm& 

T^SDT^lIl 1 0©^1#|^ (EP^. 1 

2 5&tfflS2fifa (fip-fe. X^) l 2 7S8tiJT-&. 
JgtC, $lt'7- ;H 2 2R^2 f7 • *-;n 

2 4 ©ratc&g-r-sFM i od^oihw i *sia)£$n 

•5„ ^n(Cf^x.T, $lb7-*-;H2 2a^2b' 
T • *-;H 2 4SMt5fc«i)l:, -f ^-v 5 • UA- 

Kf^lCfetiT, WtbTIitM, 0 9 (A) IC^ 

•TA"^->-ftsn^2m®7^ hu-i/x h i 2 o <t. m 

1 U-H 1 0 8©«mLfc«»tSS*^t*«T**. 
FM 1 OJ8Snfc«»tt*l 7?T-f riSMTS. 
[0 026] 110 (A) B:tf01 0 (B) tt. A- H 
•/W7X-U-F, HP'S, «MIU-Hl3 2t, A- 
H • /H7X 1 3 4 <h<£:^r5fe*IC. |gl h*7 • * 

1 2 2 m 2 1*7 • i 2 4 Mztnt'nm 

«3ftfc»»SwT. A- H-/H7X-U-H13 2 
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RW\—F • A-T7X 1 3 4©*m©*t« t K — > 

it^ntz2mmy^hu^7. m 2 0 te^&gtciBS 

Ii7*h UyX h 1 2 0 BBSSna. foT, 0 1 

0 (A) TfltBT€r*«fc5tC. ¥ffi0<hLTj|fc*£. 

sdtmii i o©ih«, bp%, +^^f>i/«i i 

6 £A— F - /H7X-U-H13 2 RW\— F • A-f 
7X13 4i-ilCl5Ii^Tf^ 010(B) IC 
<k 5 A- F • ;U 7X • U— H 1 3 2\tMl #J 
mi 2 5l;^TSDT3lIl 1 2 L igLTfeD> A 
— F • 1 3 4 tefg 2 1 2 7l:»oTSDT 

3111 1 2i»LTlr»*. 

[0 0 2 7] 01 1 (A) StCIl 1 (B) ICtkTJ:? 
K. SDT^IIU0*l7f>^U Z\tl\z£-D 

T*HfTT-^-g>„ mil (B) KSStlT^&H**, SD 

T*a»<offi©a»©fliefa, -©x^^^tc^ 

SrI&SLfcmi&tAT. 01 1 (A) H A— F-A-f 
7X-U-Kl3 2t, A— F • A-f 7X134t, S 
DTMIl 1 OOJMSMr^ $ 1 ->-/U 

F 1 0 4 <b. ^S-fbStlfcT^OM 1 0 6V>¥Wm&^ 

-r. 

[0 0 2 8] 01 2 (A) SZ^01 2 (B) tC^-TJc^ 
(C. 9l<D2Mm7* hVi>X hi 3 5 SrSDTMI 1 

1 0 ©— A— F • A-f TX • U — F 1 3 2 ©— g& 

ii ;i>f i o 4 ©— SBtDJiK-^n^n^T 

SDTMIl 1 O±©0r3£&B£BE«3*ufc2* 
!7*hl/j;xM3,5S«fflt?>Ci:l:J;D, SDT 
£•£11 1 1 0 £fl*.«-f • 5 U >^{'«t^TX-y5 L 

>^-r&. sDTMii i o±\zmw.2nrc2m.my 

* h F 1 3 5 £fcttffi©»»fc#ffi*ttfl!-r*c: 

tlCcfcO. SDTMIl 1 0 

^116, AFM1 14SO!FM20gI»S$n, 
INSI)5«f(ti3tlS. 

[0 0 2 9] HI 3ttJBHHfil 2 5W12«1 2 

^iiii2 5ar;i2iii2 7iii7f> 

»^ s il 3l:jR$nt^&tiSDT*lIl i o© 

<is©ii^c©ffiii©m«Tfca^^nT^-5„ sdtm 
m±izM>£2t\tz2m.my* hui>x f 1 3 5©a#^ 
msryy—hy ficjco. mimmi 2 5R0312 m 
mi2 7(Dr^(o^^y^>ifm. AFMm&zfmm^ 
mFU2<D—mi l tmm<D^.^m^n. ^©fm2©— sb 

«fg2 7^5^XJl£^j&Lfc££a$*l&., 012 
(A) iZ*?£.o\Z. S^T^f-XJitt. I17ff 



-r^^iBjffi mm > ip*>. ^x^^ (7n>h -x 

V5>) 13 6^t^. SK, X-yf/^lillN 

tt+ih^tu d©se»s i Ns©s$nfcas^ttf 

fi£oT. FM 1 Jl^Xy ^>^4>f;:^fctS$ 

n^^©T. FuimjRxsFU2m^m^zmwzhm 
x.y^>iftsnrzFM2^n(Dnmmmmm\zf3. 

<fc*. CttfCiD. ««S»4«t»IH«INS*aoT«51 
7^T'f7IFMl|S:a!K2 77r'f7'IFM20f a ^ 
iftttft^tf*. H27^f-f7IFM2liSl7i'T^7 

JiFMi*»&iiK69K:msie9tc»*anT^s. mm? 

[0 0 3 0] ^^©^©^IJS^JTtt. x-y?>^© 
SDTJio5'j>^JfiflESE«-r*c:tk:«to 

T&5£Ti*-5. ffflt5FM2W.INS CO»$©m 

©$u>^3tS£^xh£>ii;Tife5rr-5. §m*(c« 
»jstifc#^©s u >{fmnji*§-7L*>nTzt%&, x-y^ 

nfc#S05 U >^l«)i^*UiTtS. tot. SSit 
4>> SDTi®5U>^lg*g«U ^ffi$tlfc5U 

tfcS-^vr. 3 U >^£{?jl:-r£<, MtC. NiFeS 

#a 1 N©Ba©s v>?ms.<Dmw&?\z. fm2r 
o* 1 n s ftic^ffl 2tiT\,*2>$mt>m^iz±2 < 

[0 0 3 1] FMlg£TJ£LftViC©X-.y^>£ r £fT 

-d tz$k, m 1 mm 125 Rztm 2 mm 1 2 7 ©rh© f m 

1 ©fg 1 14 0(1 II ©igW 1 SrfiTL, SB 1 fit 

HI 2 5ScUC|g2fl!|Ml 2 7©^©FM2©|g2^M 

14 2it nii©i|iiwi &K>m^2<Dmw2&m-? 
z>» Mtc ins, mt>, ■fiBwasBiowwi 

L tifg 3 ©*SW 3 ^« AfeU 3 1 4 4 i, 

4^I14 6tStt5. *>*>3/u, BtllE©i5{Cl 
NSI51t$TO*X7f>^l„ 012 (B) \Ztk 

[ 0 0 3 2 ] 0 1 4 (A) RZfm 14 (B) H |g 2 © 

T. S DTMJl 110. A— H • A-i TTs • >J — H 1 
3 2. A— H • 13 4. Sly-jPF 1 0 4S 

ummm 1 o 6 ±^-?-n^-*ti*t«Lfc*g«k® 1 5 0 ©ii 

JD**-r. S2021I7* YVi>7, 
?g 1 ->-;P KBB# 10 4'. A- H -/H7X • »J — h* 
«»1 3 2* MSDTMi^l 1 0' tti^i»ei 
5 OSRfflLTmtBSns. t¥oT. 01 5 (A) JkXf 

015 (B) tC^-TJ:-5tC, SDTMI^l 10' 
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ICigU SDT^lI^l 1 0' <D±\zmuz>£v 
fc, H 2 ->-yV Ki 54 £jg^ u#s. lf§ 2 ->— ;u F 1 

5 4 HlWitttOStWTMStlS. MfC, Ni 
Fey-Kit, 7*Kl/^K-yA (0^B§) fit* 

cov*^ tzmmzmmzn. »2->-;i/Fi 

5 4£if»S-a-5££l;:j:oT, ^2->-AKl5 45 
»J*-C#*. raffle -€-L.T»fiE«J»C, mCzfa±7><DX 
gtf, mi~>— ;UF • t*T - y^^l 5 6MA-K • 
A'-f7X • U — F • t*T •7'7y'15 8*»»«Sftft 

[0 0 3 3] igjDSit^SDT^a^ (0^B§) ±iclt 
ft5f#MM3 4*Mim WSCSDTgl: 
^MMf'iS^L, 1 5B-1 5 BSfcSIM^tC^fr^X 

jA-*-fc>-tf-*7y tfy^TS. 012 (B) CST21 
!7;tK 1/yX FCDjS#J&&@t. ^Jt&T-SilW^ffi 
'MD^ y fcfy^tcfcO, FM2*f|S)S13 6§ABS^ 
(S£oT. ^17^TY7'iFMlM|S] 

•9, FM2li7yk , >y'Shf, fol, 7 y £ > ^ 

K:*^t*FM2*r»osfctic*«s&±sn*. F 

AB SlCiJtt-S^aHcioT. FM2*SJBt«nSi^ 
2 C0&S1 Lfefiitt7 U-iFMl ©fiS'fbJCj&SS'S.S 

»ftrr*sDT-fe>-y-«flE©fiT*tt/h$^. «t 

< ft-S^, S D Tir >Vm^<VM^mnR.ZS 

2 0%©SDTAR/R*{BfcLfc»£. ZiMKlO. 2 

&0&Ttefol 5%*^lT$>-5„ ;iCDttitg£, 3$2%CD 
A R/R Sr*-T -5 £ t£{£5£LfcAMR tJt~c£:ii£\ 
«iibfca8iKDSDT-fe>-y-JaiB^k:!S-l»««*tt«|* 
"To 

[0 0 3 4] H©«t'5lC»iSanfcSDTSWir)/#ii 
*-fe>-y-tt. 01 (A) KtfBl (B) fC^T«t3lC, 
affiO/Si&^.'Vy FSr^jK^©*ffi09±T»»oJ^ 
^^fb#-5-y-X^>-> 3 > • yXrAt, mftecDEBJn 

XtmM^-f t. -i^lCffliLTt#5„ Ell 5 (A) R 
l®15 (B) »:attJViTa«fT*a«fc'5K, 1M7 
-f-f Uyi/SrJg-fCltiCJ:^ -fc>X«dft I ttA-F • 
• >J-F • t'T • ^7^1 5 8, A- F • A'-f 
7X • U-Fl 3 2&tX*l U-F 1 0 8^lTSD 

Ti^i< zt&^m-e&z. sdt mzm->rz'&. -t 
>xmaE-y— + f \tm 2 ->-;v f 1 5 4 ^^Tssn 



^•LT, SB 1 FSt/» 2 ->-;P F 1 5 4 (DNHDn 

[0 0 3 5] £A_k, *»§g©3USfi»J*SDT^0-fe> 

k co m <d m 1 c * it -5 m & © it co s m & § tt# 5 gu co a 
»cocppgg®o-ir>-y:tcHaLT, #ss9§£*irp* 

£ - 1 ^rS^-f * Off tf & * . 

[0036] s«*§atcT*aetiT, *?&w&&2>m 

«5@«TfeaT, KJtSWTteftH. It, *^HJ« 

[Efficoffim^siHj] 

[01] (a) ««mt^7^- F^-r^fflaf^aB^ 

WtfiSKfL-TSTiEtSST*^.. (B) (3 (A) CO 1 B 

- 1 Bmiz&v&w-mmmT'&z. 

[02] ra«gtt^:l:^9ir>it£ffl*&^S^# 

[0 3] 0 2coKHOgJ^COWS0TfeS„ 

[04] *^Bq«-SI^«s|}cfie5 SDTM^0-t>-y-co 

[053 *%^co-^^{c^504(c*-r4 , r^aB 

[0 6] (a) tt**w©-*it«»ncfie3«jfi©io(o 
awft*tt4»»fl?uc3HjSsnfcsDTtt«tO't>-y-<o 
w-mm-c$>z>* (b) «*^Bjco-i^js0ij»c^5 (a) 

COgB^WlcSig £ tlfc S D T WM K) ir >-y-CO»f®0T* 

[0 7] (a) iz*ftwo)-'Mmm\zi}£omm<Di-D<D 
®mz&v2>wftmz&mt£titz s d t«» 5 ir>+t-co 

¥i!T*4. (B) \t*f£W<D~mi&mzfto (A) 

cosb^wicMjS^ s dt mm k> -tr >-y-©»f iit* 

[0 8] (A) tt*58MCD-*lfiff|t«e5«ja©l'P© 
SPgici3tt-&gP^W(ciaii$nfc S D TSMBcO -fe >+»-co 
(B) «*^^<D— (A) 

coge^wtcKiis ntc s d T^it 0 ±>^<om^mT$> 

[09] (A) tt*»IB©-*K«N||-:Se5»jfiC!)l -3CD 

Sl8t*5^-&SK^e«jfcKii$nfcSDT^»3-t>-y-co 

¥SB0T$>^„ (B) tt^B^o— $mm\Z®.0 (A) 
OSB^W t ffiig^'nfc S DTIS 0 ir >U-coK®0T* 

[010] (A) \&*5mo>— ^J60ilt:^5(Hjflcoi-p 
©a»t*^**B5»WtC»Ji3nfc S D TK1R 0 -fe >t)- 
co¥M0T&^. (B) fi*^Bjo— ^J6^j»cti£-5 

(A) COgB^WtcMjg$nfcSDTtt^0-fe>-y-co»T® 
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(D&miztei-fz&ftmmmz ntz s d t mm. k> ± >•$■ 
<D¥-wmT°$>z>. (b> \t*5£w<D-mmm\z'&o 

(A) ©S15^tCSjg$nfcSDT^0-tr>-y-O»f® 
[El 2] (A) tt*^BJcD-HSS^J(C^5»itCDlC> 

©¥®S-e&3„ (B) t±*^Hj©-^jg^j(c^5 
(a) ©gi5^wtcSjgsnfcsDT^D-t>-y-©*iffi 

[El 3] *^BJ©-*ig«RJtC^^El 2 (B) 
[014] (A) tt^BJOT-HSS^JCSE'SfijgcO 1 o 

©Rpgfc^ » s Wftmizmm £ nfc s d t mm k> -t >-y- 

©Wix*fe5„ (B) (i^Bjw-ms^jtrtie^ 

(A) ©g|5^MtcSSf^$nfcSDTMltO-b>1t(7)^f3D 
ET&-5. 

[El 5] (A) ti*^B^c7)— ^MWlCfieoSjgCDlo 
cDgSiPIHc&tt&g&ft-Wtcgit $ ttft S D Tit D ir >it 
C0¥®E-Ufe-5. (B) H*%bjcd— 

(A) ©a5»WtcM3g$tlfcSDTMmO-t>-+}-(OSFf® 
E-e&£. . 

[??^©1&BJ3] 
1 0 -K^-f 7 
1 2-X>^D-^Y 
1 4--5 ; -<X^Kili ; &-^ 
1 6-ffiS*7^X^ 

1 8 -Ti'^X-^ 

2 0-7-A 

2 2 - -y-x^>->3 > 

2 4-b7>Xfa-t)- 

3 2-^5tDg* 
3 4-##JX^g5jt 
3 5-¥® 

3 9- --^Jl 
40-SDTt>f 

4 1 -#JM 



4 2--tr>ifJl 

1 0 2-IS 

1 04-11 is— 

10 6-J6»I 

1 0 8 -mi U— H 

1 1 0-SDT^ajf 

1 1 4-AFMI 

1 1 6--4t7k'>^l 

i 2 2-jbi t*T • 

1 2 4-$2 fc'7 • ;W 

1 2 5-SglffiiM 

1 2 6-561 7* hl/yX hJl 

1 2 7-SB2ffliJM 

1 2 8-|g27* hl^vX hjf 

1 3 2-gg'J-h* 

1 3 4-/\— H • 

1 3 i-tt$m 

1 4 0-SglifJ?.® 
1 4 2-fg2iI^® 
1 4 4 - -|g3*#M 
1 4 6-fg4ig?jl® 
1 5 0-iSeaJl 
1 5 4-ff§2->— 

1 5 6 - -?g 1 H • t"7 • 7*7^ 

1 5 8-A-F • /H7X • U- H • t*T - 7*7 if 

ABS-^TU 

FMl-|gl7£'7V7"JI 

FM2-Sg277T^ 7S 

I fe>xmftt 

I NS-cfFpSJ/f 

5 l-«Xf>H^ 
S 2-XfcT> 

SHI — 1 K 
SH2-^2->-;l/H 

Z-«J18§H£ 
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1 Title of Invest let 

METHOD AND APPARATUS FOR PROVIDING SPIN-DEPENDENT TUNNELING EFFECT iN 
READ HEADS 

2 Claims 

!. A lr i-lajer ma fc e t c : e? i ?. ■ i ve effect sensor, c cmpr i s i ng : 

a first a c t : t e lawyer luring a first interface surface defined by a *:: 
st width; 

a second active layer s b b s i a 2 1 i a ! i 5 electrical:* isolated f r $rr, saia f: 
r s t active lave:, b a 7 i 0 f a Second Inter face surface il e f I d e d by a second 
width that is smaller than said first width, the sec end active layer be: 

0 g s 1 b s t a n 1 i a 1 i y electrical*.? isolated f r 01a said f i : s 1 a c : i » e layer: a a c 

an intermediate layer located between said first active 'ajer aud s a i 2 
second active layer, said intermedial Later .bavisg a third interface s 
arface that is proximate said firs: interface Surface and that is define 
d by a third width that is substantia! lv equal tc sal: first width, ana 
having a fourth interface surface t b a : is p 7 6 1 i s a I e said second interfac 
e s b i lace and that is defined by a (earth width thai Is substantia* if eq 

1 a i to said second width. 

2. A tri-iayc: ma go e r c r e s i s t i ve effect sense as recited in c-aim I. *hs 
rein said first active layer has a firs: facing surface that p ; c t ; d e s an 

air bear log surface substantially perpendicular t c said first arc S e c 0 n 
d active layers, and wherein said secend aciive layer has a second tacit 
I Surface that lies in a different plane thai: said air bearing surface. 

3. A tri-tayer magneto resist ire effect sense: as recited in ciaiir. 2 ; wise 
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rein said first active ia = e: an: e a i a second active 1 a 7 e r a:- / t : : cm 2 g c c 
tie, and 5 2 i d i 3 1 c f see d • a I e -aye: 1- formed cf as eiectricaiiy icssiaiiDg 
materia}, such t a a s p i d - 5 e 0 e n d e q : t g d q e ! i c g pfeencmennt r 2 c c : •: r ; ; 5 ; 
c n g b said i 0 • e r m c i i a t e layer w h e 0 a c 0 : r e n t is caused to Mow b ? : w e e : 53 
id fiisi active layer aad said second active * a j e " . 

4 . A system I g r reading f : € m a o i w ? i t : a g to ma g a e t i c media, said 1 y s : enr. 
c c nip r is log: 

a ! e a d/wr : t e head s a c I 5 d i g f : 

a write element fc: a rising data tc said magnetic media; and 

a t 1 i - 1 a y e r magoetciesistivc effect s e s s 0 r c c e p ■ e d with s a i d ? r ; : e e i e 

meat including: 

3 first active layer having a first ioieriace surface defined by a : 
i r s t width; 

a second active layer s s bs l a a * i a \ I y electrically isolated fffint- said 
first active layer, having a second interface surface defioed by 3 s 1 1 r, d 
d width that is smaller t h a 0 said firs: width, tee s e -: c c i active lays: b 
eiog substantia 1 electrically isolated from said firs: active layer; a 
ad 

an intermediate layer located between said first 3 c ■ i v e layer and s a 
id second active iayer. said i n t e rmt d i 3 t e layer having 3 third interlace 
sorface that is prcximste said fir-: : c t e : fact surface and that I > nefi 
Bed by a third wldtS rhat is s u b s : a & i i a : 1 y equal tc said first width, an 
d having 3 fcerth interface surface thai is proximate Said sec one ; b t e r ! 
ace surface and thai is defined by a fourth width that is s a fs s : a e t ; 3 : 5 y 
equal tc said second * i d t b . 

5. The system as recited in claim <1 . farther comprising: 
a disk-shaped magnetic media; 
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a d i e k drhe racier h a v i a » a drive spindle upcn which s a i rl raajr;*::; *k c 
i a it supported f c r ? c : a t i c : ; 2nd 

a s us pea 3 1 cn sysren: scpp5:t:cg said rcad/tiitc head lor mc^eite:: eve: 
a s o r face c f said ma g n e t i r media. 

6. The system as recited in claim 4. wherein said first a c : : v e , s 7 e r a r. d 
said seccad acii^e layer are \ e r : g m a gn c 1 1 c a q d said : d t e rite '. 1 1 e layer 

is f craned cf an e I e-e t r i c 3 1 ! 7 inss ! at iag msreria:. 

7. A meiboa o f f c rtu i o g a ir- a g a e r c r e i : s : : ? c effect 'MR£) device, corr.prisir. 
8 : 

forming a first lea:: 

forming an MRE s e n s c r . itc ; pa:ng: 

depositing a plurality cf layers e r sals firs: iea: : iccis^ns a j 
list material layer and a seccnrl materia: layer thai are s i b s t a £ t : 2 : : ? p 
arailel to each ether and separates by as i n t e r eie d i a : e materia : ; a y e r . s- 
och that a first surface cf said firs: materia; layer is electrically rt 
ap led with and s u b s \ a d \ i a 1 ! 7 paraiie! :c said fi?s: ies:: a-:d 

etching said plurality cr iayers such thai said firs: ie g : t r - 2 *. lajer 
acd said seccad materia: layer are s ab c : a n : i a • ! 7 e : 5 c t r i c a ) \ 7 1 5 r. i 3 ; c a 
f 1 oro each 0 l b e r : and 

fcrmiog a seccud lead electrical!! coupled -iifc aod s u b s t ; n ; a ! i y para 
I I c I to a s k c c d d surface c f s a = d s s r c d d m a : e r i 2 i 1 a r e r . 

8. The method as recited in cia'ui 7 t therein ssid eccbin? Said pisraiiry 
c f layers includes e t c L : 1 g t h r c u g h said s e c c n i n a t e ; 1 a : layer and c a : 1 

part 73 ? through said [ otermexiiate hi a t e r i a I layer stsch thai sard firsr m 
aceria! layer a c d said second materiai layer are 5 ub s : a d : i a ■ ! 7 eiec:r:ea 
!h I s c laces from each c : h e : . 
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9. The teethed a* :eci:e: \-. c : a : ft 1 . vhcreiD said lirst s:r:sct ha? < f: 
rst w : e : b ibar Is giea.sr that a second ^idih of said Seccsd curtate. 
L"d . The ntthcd at r c ■: : : e : i e ciairr 7. therein said depositing t?:c s ■: ; : * 
lit? of layer? ccmpr : s e s : 

depositing said iirs: materia 1 is^er; 

depositing said i r. : c : me i i a t c ma i e r i a ! layer over £ 3 i d f ? f > l Hirers, 
a 7 e r : and ... ^ 

depositiag a second ma :e; ia ! ! a ; c r cvsr u id i n £ e rme c- : 3 : c ru: e: : a . -«J 
e t . 

11. The metkefi as recited in c'aiir 7. ^ h c r c i o fora-inR ^ s i g MRE se a s c ' fs 
rthe: I a c ludes: 

patterning said sense: layers a firs: : i mc . thereby (crroing a v :3 ce'e 
to said first lead, said via hole b ^ : n g at least p a r r f a ! ] y defised by a 
n edge of said sense: layers that exposed thrn^h paid p a i : c r n : a g : a 

depositing lead materia! ietc e a : ^ via feoie. sa:: iead material being 
in ccntact wiih each c? sa;d $eB = nr igver* alca? said edge c! said sen;- 
r layers, wherein said etching sa : i p '. a r a i i : . j of : ay<=rs e L c h e s a pc - ::cs 
cf said edge, thereby forming said MB E sesscr adjacen: :c a remainder e 
f said edge- 

12. The meie-cd as recited ia claim i : . farther c eaif: - i ? : n g c:c':icg ss:d '. 
ead material while etching said p i n : a i i t ? c! iayer^. 

13. The method as recite: ic ciain: 11, wherein etctrn? ^ a i d t-'arsiity G f 
layers comprises: 
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milling said second mater i a 1 layer ace coi?. a par: c \ s i : s : =.".? r * e r ; • * : 
c material layer sithsc: n- : : i i d g said first ma t ? r i a 1 layer - 

14. The ltd bed as r ? c : t e d it claim 11. ^« e r e i e etching the p : a r e : : ? of 
layers inciaues a use cf a b : - i a y e i resist technique. 

15. The nctocd as recite; :b ciaim 13. where In said mining said Siccc: 
material layer inclsdes parteriicg saiii second materia' : a y 2 r to have e 
[rest edge that is *r e c f « s e n from a f root ed?e of said firs: ma:er:a: .57 
e r . 

16. The Bitched as recited in c i a I m 14. therein the bi-isve" icsis: :ecsn 
tone c d mp r i s z s : 

depositing a first phc:o-es ; si :ay*r ever sai: p!u:3 ; it? of iaycrs; 

depositing a secso: photoresist ia; ; e; ever said piu'a^ity cf layers: 

patterning s a i d iirs: phctcresist layer zod said second phctnresis: \i 
yer tc fcrc a particular structure G^er a portico cf said plurality cf ! 
ayers that is adjacent :c said edge cf said plurality of iayeis: asd 

milling said s r c d d d materia! layer and a par: cf said = ot ermcdiv : e ma: 
cria! later near said edge cf said plurality o : layers, •itccit rexonc? 
any pcriicB c f said first materia: i a y c r during sa?n ns: t ;:ag. 

17. The method as recited io claim 13. further c c rop ' i s i * g lapping svbsta 
otiaM] la a p I a d e that is substantia'.!; P e r pe o d i c u i a r in ss.d f:rst xa: 
eria! layer, said intermediate materiai layer, as: sa ; o secend miu::a! 
layer, while s a b 5 1 a n ti a ! 1 y avoiding lapping cf said s.ercnc *atcr:a " la ye 

18. A metbed fcr fencing a ma g n e ; c : e s i s t i v c elfect device, c on p ; i > i n g : 
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fcrning a firs: shield oc 5 5 u b 5 : r a : e . said first shis'.c h. r" i : 2 3 :Vi-t 
k s « s s : 

fcrming an onferccal layer cd said substrate, while ; e a ? i d s s = : : it 
i e : d surface exposed; 

terming a first • c 2 c above and in electrical ccstac: *ir.fc E*. is fir:! ? 
bicid surface; 

riepes i t i ag 3 first materia: layer, a: i 0 • e free a I a ! e a a i e r : a ? i 37° r . aro 
a second material I a f c r o?er said firs: lead: 

fcr*ing a- first active layer (ice said first materia: layer. ? a : 2 fir: 
t active layer having a width and it a v i 1 g as edge: 

depositing a ccnoecting lead having a portion of a surface In »rcxeiiat 
e cent act ffiih a 3 edge uf said f i r s t. a c 1 i v s iayer. and h a v I d g a s e c n - ri p 
crticn c f said surface electrical !v connected to said firs: : e a s : 

exposing part i c a s cf said shield: 

r emc ? i 0 g porticos c f said icicsnciiiie materia: layer to f c ' m an i r? 1 1 : 
mediate I a ye 1 baring a a edge, said reacviog being tn rough a tcsr? = ? cf 
said intermediate maieriai layer tsai is i c > s than a tc:a! tii-r^ness cf 
said intermediate materia; 'aye: ; 
remcring pert! cos cf said sec cod ie 3 L c r ; 3 i .'aye? tc form a seccne aci:v 
e layer having a c esge. having a *id;h Lira-, ie sina tier than Said sidts c 
f said firs' active layer and baling & faciag edge that lies t- a 
that is s d bs r a n t i i : i y p e r p e c z i c u ! a r to said second active layer; 

depositing another insulating layer in imincdia:? ccttac: *:z':. s;?d e«is 
e cf said secccd active layer and said edge cf said intermediate i 3 y ? r : 

i' 0 ? m i d g a second skied over sate secant a c : : v c layer, a n i e 1 e c t • i c 3 i i 
y connected t c < a i d 5 e c c n 5 active layer; and 

forming a sensing contact 'bar is e^ptiricaily connected :$ sa:£. fir;; 
shicid and electricaMr isolated frcrr. said s e r c c : s r. i e i d . 
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13,. The me -hod aE recite: it- c '• a i m IS. firtfee: CDmpriilc.g: 

lapping said firs: a c i : - e ; 3 y e : 3 b ri said i n t e r ra c d i 2 l c i a 7 e : : s a Pane 
that i s s a b $ t a a t i a I i f pe ? per : c e i a 1 i 0 saio firs: active layer. : c s a : n 
seccfld acute layer, and tc said intermediate layer, to defiic a r - 1 * b 
earing surface in a plate :hs: is s c b f t a a t : a 1 1 > d : f I c r e 3 : 1 h 3 l 2 r-iire % 
f said facisg edge cf said seccne a c : i t e iaje:. 
3 Detailed DescriplicD ci invert 
BACKGROUND OF TH E INVENTION 

This i d v e d t : g s relates g e n e 1 a i 1 t : s magnetic drives, mere pa:::cc 

! a r ! J tc magneto: e s 1 £*. i *e (MS; read heads, and rccit p a : : i c n ! a r 1 y 10 s p : 3 
-dependent laontiing ( SDT} rtac ^ e n e d r ? a n 3 nr e. : h c d £ 0' rr a k i u g :he sarne. 

Magseiic disk drives are u £ e d tc s ? c- r * ard retrieve data jc: uisir*: e 
lectronic apparatuses sucb as cseaaters. Fn Figs. 1A 2 n c IB. a magnetic 
disk drive 10 0! the prior a:: iacSidtt 3 sealed encicsure 12. a disk s 
rire motor 14 f a roagoeiic sis* 16 : stppcrtcd Ic: -craticn b? a drive «?: 
rrrile SI cf incur II. ao actsatcr IS arc ar a rrt 20 attached ic ao actuate 
r s p I D d ! e S2 cf actuator IS. A suspension 22 is rcspie: a: eric e u i tc t 
h* arm 20, and at its 01 her e3C tc 3 read/*.' lie tea: c: trans dace: 24. 
The tiaesdnce: 24 typicaiiv includes an : r. sn r. t : ?e *ri;e element *ith a s 
enscr read element C s h 0 ^ r in Fiacre 1C). As. :h« mo:?: : '. 4 rotates the r.a 
gnetic disk I5 ? as indicated \j the stci 1?. an air b e a ' : n r if [orrtcc 3 n 
der the transducer 24 c a ti s i 1 e it 16 lift siigfctij off of the surface sf 
the magnetic cis* 16. or. as it is :e:nes in ihe art. tc Mi/ above the 
magnetic disk 16. Varicus magnetic "tracks 5 of infcfrealic-n car be rest 
from the magnetic disk 16 as the actuator 18 cacses ;ne transouce: 2* t 
c p l v c r is 2 short arc a: indicated by the arrows P . The design- an: mar 
ofacturc cf magnetic riisk drives is *eii fcr-c*n tc those ? k * : r ri : n ; r » a 
r t . 
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Figure 1C c e p : c • s a c : n l s - S c c t : c as ! if i e* cf a magseiic : e i :» : : : e h 1 3 i 

24 iocludin? a read e ease a r 22 sec 2 *:ite c 1 s ai e a t 34 : Th J c" r : ? typir*; 

iy an inductive write e i exe a • . Exposed dges cf the read e!*«u " : •? 2 2 :c 

the wriie eiecent 24 define an a ; r -S?e a ; i ag surface .43S t a!:r? z s.ac-e ■ 

5 , which faces the surface c f the re 2 ? 0 c : i c disk 16. 

Read decent 32 includes a first shield SHl . an : o : e : a e d i a *. e I s V » r 2? 

which serves as a seccr: shield 5HS. and a f e 2 J stuscr 40 lecai?.: 
■- ^ 

d the first shield S3i ace the f e c 0 o d shield S H 2 . Read elements -nmnioj: 
7 make oSc cf a ph e « orne d r: 1 e r ?n s d the ma g a c : z r c s i s : : 1 e effec' (MRE^ . "he 
re the electrical resistance I of the read s e a s e ; 40 c h s n ? e s * i ■ h e » ? r 5 l 
re to an externa: aagselic fie'd. >ach a- m 3 ? ii e : : c frirj^iri* flu: fro* rr.g 
goetic disk 16. The i q c r e m e d t a ; e i t c t r : c a i resistance £3 is detect?: b 
y using a sense c a r r e n : thai : = p a ? s e d t fa r g u g b : h c read s e 3 s c r I 0 t c rr; e ^ 
sure the v c 1 1 a g e acres s t fe e read 5 e a s c r 40. The precision a n d sens it:*.': 
t y of the read s c Q s c r to s e d s i t g the magnetic f 1 i a % \ e g i \ u 1 i s c ' e a s e ? as 

the ratio c f A R/R increases. A 1 * c t S a ■ g e • resistances result in 2 : g ? 
r voltages measured across the rear: seascr 40 which, -a -arc. relics : 5 

greater effect iveuess cf the read senscr. Tt3S. is d e s i r 1 b ' * re max 
imize both the output pci-an and A R/S . 

Types cf mag c e 1 c : e s i s 1 1 t e effects srl izea Id the read sesst: 40 InclQ 
de the anisotropic tci g n e 1 0 r e s i s t i ? e fAMS} effect and the giant n-cgreto-e 
Sistive C GMR) effect. A p a r t i c c : a r type c r effect is the s?:r defvenriect 

t a 0 ft t n n g ( SC T j effect- which can b f usee : 5 an SDT seas?:. A schema:: 
c cf such an SDT sensor is i i ! u s r r a t e d hr the read sccic: 4D is F ; £=]*e 1 
D. A? is j hewn, the SDT read seoscr 40 can inciude a tii-^aytr. seine tin: 
es referred to as a r : t - 1 a 7 c lanoe" iusctisn. having a firs: ferrcinagce 
tic (FM) layer FM1 and a secern f c ; r oroagce t i c layer F\:2. wj-jrh an: sepa: 
ated by an insulaticg iaye: !NS- These ;ajers are c r i e r. t e c s u b ? t a c t ! a " 
f parallel to the shields SHl and 5H2. Thus, when the s^e c u r : e c t ! ! 
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S [ojecled is : 22 3 DT read serif: \ 0 between the shield: SHI a :: i 5H ; . 
e current can travel i u c : t a n : i s 1 ; y p e ? p e o d i c ti I a ; tc toe layer? FM1 - F.\- • 

and INS. Id c:her nii. ihe'SDT rea: serisc: ess cperatc in lur'e:.". p* 
rpendicalar to plane -CP?} mode. 

Id ibe SDT read sensor 4 § . the f ? ; r en; a * n s t i r layers FMJ sod FM: can s: 
t as electrodes between « h i c h the s e n s t current ; p a s > c s through : h ~ :r> 
Elating ! a F c r INS. *hich is s o itj e t : fh e s referred :c a- the 1 barrier. 

Tiie relative directions of the g t e ! : z a 1 1 c »: s Mi and M2 cf :hc hrrsx? 
gneiic layers FMi a d d F X' 2 . respecri-ely. car. b? i n f i u e a c e s b> c a : c r l 1 tc 
agnetic fields, ih crebj ctia&giog the resistance n ? 'lie SDT read sensor 4 
0. vhich c a u be detected *;th the s e z s e csrr?D? i. \fc r « s p? c i : i c a 1 " y . * 
hen the ma g 3 e t i z a • i c v. cl Get cf the f e : rcrna I n e r U layers Is a n : i - p e r 5 : i 
1 tc that c{ the etber 1 e r r csag rj e ; i c iayp- the SOT effect resziis Id a ft 
i g" h e x resistance across tbe SDT read sersc-r. frr-c^ a !c~er r e s i s : a o c c bei 
ng experienced he n Ml and M2 are parol I e I tc e a c fc other. Tipicallj. SD 
T read sensors exhibit A R/R of t p tc 1? 38;; and cut pi:: vc'tages h £ ^ u c r 
t b a n 13 e? , wh : c b is higher than ■ h a : p : c d o c e d s i : h e a a y ether r ? p c s c .' 

read sensors. T h 2 s _ y h i 1 e a d ? a d c ? s ! r ni 3 £ n ? : i c d I = i a t d d r 1 - c t 0 c h n : 
'cgy ar? r e s o 1 : log it magae:ic reed : a that b a 7 e ? n c r ? s > i s g ■ j higher area 
density. corresponding ice r easing read J e a s g ? p e : f n f m a a c € l e ? d £ can b ? m 
et b? the higber A R/R in: higher c a : p . 1 v c 1 1 a ? e > cf SDT resc s ■; r. s s r s 

The SDT read sensor 40 can be formed by 5 u c c e s 5 : t e depot : ■ i 5 e v c r 3 f 
irst lead (here the firs; shield SHI) of different rnareriais tc Urn: the 
first F\f lavs- FM! . the i b 3 d 1 a t i a g layer [MS- an: the secern F>! :a>e- F 
M2 . Because the S3T read sensor is operated in CPP mcde. «he AR/R i: p 
articolarij sensitive :c the inter faces between the iayr-s cf it* >rjr • = 
ad seascr ''inter 1 a J e ' interfaces;. pic-ide l3ier ! aye: : rr • k?> t : ; 

h minitnai pin hcie? and impurities, and therefore b i g b e r AR/R. Fi\i] . F\i2 
f and INS can be successively depositee i n a c 0 c - p amp - c c^n p r 0 c e 1 s . 
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The s e d s o r lajers 42 are ihen ercheri using typical j> r c:^seo :c Uric : 
he FMl ; FM2 : and INS. cv C r e'eich a s e c g n d lead. bere the yrrctd ; i. 1 c 1 c 5 
H2 , is deposited. S j c b ei-cfeia? is n e e 3 e d tc p : g v : d e suitable ;cH :cr»sc 
r d imc n s I c a ccairc-l tc race: increasingly h : g b magnetic roHia area iics5:: 
ies. Uo f c :i d na re I y . if i a e erchicg is perfumed after a : itrec re ^ : e r : a 
S E ' b a v c b e e d d e ? c s i : e d in a o re-pump - do*n p recess. hi a : e r ; s ; * : : c b :. c s t- * 
en etched an? i r g ?n D5e of rhe three lajers can rtdepcrir. c- the cxpvse^ 

remaining portions, of the orter layers ^sicsg the s t d e ^ a ! 1 s 41). His 
can often r e s 3 1 : in. tie i ec c pe s i ■ i c n cf p c ; e i c o 5 of -tise f i : ? • sn:/r,; ? ^ : 
end f e r r cn- a g a e : : c 'avers scch iha: at undesirable e I e c t r : c a : ps:h. or se 
crt circsit. is formed between FM! ar.s PY2 alcng the side*;!!? 41. 

sues a short circci: path, ike SBT $en?<r *C maj e f i t r r • t e : :< yrodjc 

e the spin- Impendent runnel: eg p b e n cme e e- s . 2nd therefore exhibits reduce 
d seasc: effectiveness. T h e G r e i ; c a ) i ? . S h c r r c : r c 3 1 1 s tenia he m i n i ir : 1 2 e d 

through the use c f complex, czpessivc. a a 0 / c r ; : n- e - c c 0 s u m i n f 0 ; c c c s > a s 
to limit s 0 c h r e a e p c « : t : c r : . however : t h i s * c 5 1 : n c : be c c s t - c f f e c : i ~ c In 
r commercial production cf SDT :ea: : sesssrs. 

Later in tbe f a b r { c i t 1 c n prccess. layers u f ;he S3! "s f. = * g r (0 *rs 

lapped substantial ly p e r p e 1 d i c u i a r ! ? :c rhe sensor layers 42 to icror ice 

air beaiiog surface A B 5 . Un f c : t a e a r e ; 7 . during ii'a process, saierial 
(rem a f a c i & g »c r frenr) surface U : r tog?) cf oce cf rhe vr:cr- layers 
can be smeared cter the ether layers. i! the material rrnir FM; asd/cr F 
M2 is smeared between rhe t*c lasers, such rcaierial at a'sc 'erst a: ;r,0 
esirable sbsri circuit pare be:»c-cfi there. Further, as -.he rean ^ c n i c r 4 
0 thickness H becomes recreating;? smaller, in accommodate bigher area : 
entities, F>i! arid FM? may become eraser 1 0 g e * r f: : . I K e r v (i ;- :i:crea- : n? rbc 

likei-hcnd cf snicjrifig between theE. As c a e be Dnrirrsroo-i t h 0 > r ? k : 
Med io the art. tbe problems edge redepositlcr a n c smearing. :ne 
• 1 c 0 b c c id I • a n t redEC liens in read per!c;n»accc. can a ■ s c & c c n s n t € " e s : 
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& toe fabricalic; ci c : h *: r resd sens c r 5 tba: opeiate In CP? x<tt- 

Therefore, ■ predict the benefit.: p( ihe spin-depesdeEi : :; : : e i : r; ? c ;' * : 
ect lg 3 ;cati seoscr. 3 reac senses 22: a metned for cak::g lb* 5 3 x ■: c "5 

desired which h a * 5 a iieh decree c \ i 3 1 e r 1 a y e r interface c c n : r v 1 * r : 1 c 
avoiding the f c r m 3 . : c ?: of sbcr: ci'tui? paths between c r. ■ : u c : : 7 e . 2 ; T c : ^ 
cf the read sense:, a ! s 0 . i: is desire: that ut'a 3 r e a : ? e r: > r r be is 1 ): 
icated less cxpe3H*e'j 23d more 2 u i c k : y w h i ! ? c 5 i r ? ccrrert res: ^ e - 5 :: 
prc-cess tecbnolcgics- F u r : t e : . id meet increasiosiy tierse; rr 5 g r— 2 : : c me 
d i a area (jeBSiiy, snch a : e a e* sense: is desire: t c be fabricate: * i : h e 
high degree ei read sesso: iimeniic: centre- . 
SUMMARY OF THE INVENTION 

The present invsaticB presides au SDT read seasc and !ce:h a: ■ r, : e-s k : it 
g the same that provides higher performance i 1 e s i iu t a is e c 2 5 i : r : i 'is: 
OS iess costly ana less complex 'abricaticn ?:3ce = ses. Th I = : 5 acc55Ej};l 
Shed by providing an SDT read sense: ha * lug substantially nc she:: tire?: 
it paths between -fee two fcrrcnugQetic iarcrs. and trar :? Urmcc by a e 
e : h 0 d that iavoives simple asd le^ c per a : i oro s . 

According id an embs a imc e cf ihe ?reseo: in7ea: : c-n. 3 tri-i*;?: ins g j e 
tcresiFtlve effect sensor includes a firs: active i 3 7 e * . 3 second active 
layer, a q d to i d i e : me d : a ; c layer located better: thr t : rs: ac-i-e iaye: 
and the second active layer. A d ? 3 £ t a g s 0 : : s 1 7 . the f : * s : action are: i h 
substantial :j ciectricailj isolated f r era t h e = e ■: 0 a d set : la;?:, t h : i 
s a bs t a d t i a ! 1 f avoldiog an electrics 5 shcrt circuit between tne :rs: act 
ive layer and the s e c c c d active layer . Is a particular ernb c d ■ n e r r. . r. h a 
first a c 1 1 7 e layer has a firs; : a t e j f a c e surface defioe: by a f : r s : 7 d : 
h. the second active layer has a stcosd interlace struct rlefirec by a t 
eccad width that is sm3' ; er than tie first ffidtfc. asd the i c t e ran d i £ t ? i 
ay t r has a third interface surface that is preximate the first interface 



r 
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Surface acd that is defined i>v 5 'hi?: widrh that is S 3 b s t a s : : * i i ;■ «;'.;:< 
! to 1 h e firsi width. Peru?:, the i c : e r rae a 1 3 r e iayer ka* 3 fc;::- in-c 
rface surface that is prc;:i;ta:e :he 5 c c 0 nd interface Surface ir.i : r: 3 ; is 

defined by a fcerth width thi: s a bs : 3 n ; i a ' i j e q u a i :c i: h e s <: c c r c 
tb. 

Ia a d 0 1 h e : e rs b c d : »tj e 0 1 of the preset: i a ? e 1 1 i c : . 1 1 t s ■ e * f c r : e • : i 3 3 :' 
ice and w r 1 1 i c g 1 c rc a 2 0 e : : c medic 1 1 c I u si e s a ? e a if w ? i : e head : 3 £ 1 5 £ 1 2 2 2 
write element « r o; »ri:iDg data is the magnetic me d • a . g n a rrl-.sye: 1 
agoe i D r cs i s • i v e effec: iMRE; ieascr. !; described abc~e. t'sa: ii c-:pie: 
with the write ciemeni and use: for readier data f ^ g?e :h? ni3?n?:ir mec : : 
a. Id such a S } r £ I c tn ? : h e 1 r ; - 1 3 7 e r MS 2 s e e s c : p ; c t ides g -ester p-eci>ic 
n and sensitivity in reading d a : 2 . a particela* a:n*: k t^e in'e:: 

ion. a first ac:ive 1 3 7 c r facing surface and an i z : ? rite 3 3 i e ^ayer fsc:r : 
g surface cf toe t r i - i 1 7 c 1 MS E s e 5 s c * are s e h s : a e t : a ! ; « in z she? p . 2 1 e 
t & a t provides an air bearing surface, while a s e c c q d active 3 y r r facia? 
s d r face lies i c a diffcreoi p I a r s . 
In yet a n c t h e : e m b a d i m e 3 1 g f -he p ; e s e £ : Indention, a rr e :. h c i f - r : c : it i 
og a ma^Qctcresisiivc effect DIRE) device : s : i a : ? s f r r t : r 7 3 ! ! : 5 : i e a d . 

forming ao MRE sensor eieciricaliy couple: *i:n the firs: e 3 d . sua 2 1 
eccod lead thai is e!ecirica!ij c c u p : e d with the AiRt ser.scr. The MRE t e 
nscr fsclisdes a firs' a c : i v » lave: paving s f ir;; ou;e" ;h>: :> 

eieciricaliy c c u p : e d * : t fa a s d substantia! Iy p 5 - a i i e : : .1 : r. c firs: • e a 1 . 
and a s e c e n d active ia^er h 3 v » 0 g a s e c s n i c e e : surface :hat • \ e i : 
ally coupled with a Q c E u b s : 1 s : i a \ 1 y para! lei : c the s e : c : d ' e 3 : 3rd r f 3 r. 

is separated f r cm the f:?it active ia'cr by a^ i c L e r me i i a t e isyer. I 
additica. a width cf til? firs; active iayer is greater :sar> s w : d : - c: : 
he Second a c i i r f i a y ? r . Fur the r . an c \ e c : r i c a i path c a 1 s ; s b t : ~< - * r .he 
first lead and second lead, thar [ra^eii i u b s t a n ; ; 3 i S y p e ; p e n d i c a i a : i y : 
brougb the first active iayer, intermediate layer, and second isy 
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e: . Preferably. : I e f c r rr : n g C) \ zz Vill sensor include; & zp-s : ' : : 5 -? 5 ! ' ■ 
st materia: iayer. depositing at i rj t c rme c i a t ? catena! iaye: c-*: :-:e ?: 
r c t materia! ia?er. and then cep^s i: :cg a s e c c e d material Uye: :** 
intermediate m » i e : 1 a i layer. The second material iayer arti \li ir.terire 
d i a t e materia: iayer are etched, vv i r i: the etching beirg stopped befc:?. : 
be etching etches lie firs: mater i a i iayer. 

Tne varicas ei-bsd iTcert s of the present itpeo: len enable the res din; <* : 
magnetic media a: hitter pe : f c rsia dc e ieT C :<. Farther, th-;se ci-;uia.?ei 
are gained while rci i c t a i a i a £ >c~ ma n s 1 a c u :- 1 o g nzie. ccs:. acii c omp : ? : 
t y . Mere specifically, the i a : i r. a s tabedi meats gi "he present i : v e 2 1 : fj " 
provide f c r a CP? mode read server h a ■ [ d e s u bm i c r ^ 3 geometric: /rat tor 
be formed q e : c fc i / aaa i : ex pe i s i v * [ y . Even msre spec: ! icaily . 3 SD'. r « a 
d sensor is presided by the farinas cibc c ime a t i cf :he present -avearis'a 
. la some eabcdimeDts . a metbed Jcr fnimiag toe read seat": results 
Substantially nc uades i rab! e srtcrtin& between iayer? cf the read sensor. 

Fb e E e and ctser advantage? ei :fci p;e>en: identic- *i . i b:;oa;s ar-ta'e 
nt tc these s k i i 1 e a in tfee a r r npes a reading cf :re 1^1 i o i - g iescrint: 
oas cf tbe invention aad a 5 t d d y cf the scverai fibres c ! the ifa*;n?. 
DE TAILED DESCRIPTION Of THE E.V1S0D [MOTS 

Fi.fares lA-O were describee nrev;nu;!y is a d i s c 3 s S : c r a' the pre- a 
ri. Figure 2A depicts a fio^casr: cf a fabricator me thes SO fcr f;*rr:n 
g an SDT censer according tc as cmb n c i me i : ' ire prc?e:t : r- ! e : t i c r. . A: 
te: proTidin^ a 5 u b s t : a ; i: in operation :2. a first 5 b : e ! :i 1 * firmed es t 
be substrate in operation :4. While nthe* raiicrials can be uses, the su 
bstraie cat be fcrmed cf Si. rfci !e tbe firs: shield is ic^rrr- o! S : F t . 
cr example The fir?; scieid can be icrrea ie cpc:a::cB S^thrcuO s r ; y 
appropriate method Vnewn t c tiicse skiiied in the a:-- stch as p.s::r?. o 



#112000-123325 



29 V-y 



r film Deposition f 3 lieu: by sicsin? it the forn s ? i C5 mi.ii-r. ;-- ?J - 
Jicp; e . 

It operation -6. a eadercoa: ,>■>: is fcrmed c»c« toe substrate br fi 
rst depositing eieciricaiiy i ns c i a t i.ng material ov er tee fsb«i:a:e sti : 
he Firs: shield. The lostrcci: iaye- caa be tsraicc ci materia'; =-r ». 
AljOj, AiS, o: S:0 2 . The naercci: layer is the; prefers. '? » i a r , ; ; z « j 
ihrcsgh a idc*s precis sack as c aes: c a i -at chi s : ca i pclishinp (CM? - . e: 
posing tie first shieid i* ike p-ectss. .4 firs: iead if icr-red ibo'e ; h 
e first shield io operation 5?. This firs; lead sac be f:r«ed or , 
able conducive material, ssch a; An. Ca. p; Ta, among other;. Wh i i 5 v E 
ricos processes cao be use! t? fcr« tt? first iead. it tr.e process a ; r 
er of iead material :s :e?cs:ed o»er the firs: s h: ? i: an: redercoat 
er. Tbe lead icateriai is then etched n form the Mrs: lead tsir? kar.*s 
method: seel as ice si Mia? in ccaiaactica -.lib a patterees photoresist 
layer. Alter natiiely. wish appropriate mc d i : i c a t io a el the btlcv-descr 
ibed operations, tbe first shield <aa operate a; a iean. wirier: the add 
i t i e i c i i & t first iead. 

la operation 60, , censectin: iead is fsraies along "ith ae MSS seasor 
bavinj a firs: active iayt: and a stcood active layer that are s u b ; t s r. : i 
aiiy e tec: r ica ! 1 7 • s g i a c e s .' r c n> each ether except tbrsajr a: isternt-dia: 
e layer bet'ecs tbe :*s. !« operatUa 6*. a ieccec s h : e : d 's 'orasei 
r tbe secotd active iaye:. Among other appropriate methods, the sccssJ 
shield can be fcrned by deposiricg shield xareriai ever tbe MR E sensor 3 
ad tbea etthiag the shieid material *ilh a known process sech a- in ti- 
ling »ith a pattered pb« teres is; nasi. A sensing contact is formed i s 



!• r c- c 



■ s c : e . 5 * i: ; : : c b c- 



operation 64, a d ri is electrically connected tc tbe 
ieg electrical:? isolated f r ere the iecctd i hie It. 

The fcrmaticr, of the conaectiag iead and Mi j-oscr io operation 60 5: 
Filiate 2A is farther deiaiicd in Figcre 211. 1„ operation 11. first, t; 
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c c n d , aod iaterrred ia :e DQ2 : e : i 5 ! iays.'E a - e i t p c > : t e :• c t e. r : r e est- 
to form a tfriafer. A 1 : h u g t this depssitic: cat be per$$?ii«5 *«;! 
ous suitable kncws nt'thcd:, it is preferable that a'i irrec l2?e:s ts de 
posited i d a coc-psmp-do^n process k ; o * e t c these with ski:: : t the 5 .' : • . 

Using such a prnces> t u b 2 s c c ? : h c : 1 1 e r 1 a y e r i n r e r i a r e > be : ^ e e e : h * J- 
rce layers by ? fcr example mi s im: 2 : ag the iocipsicn c f ; gc p c : : z : e c c: 
c hcies ia the interfaces. Suet a process is preferable becias- -he rr.ag 
nctoresistive ratio (Al/R). a it c lEcrcUre cvsraii p e ' f g r m< n ce ? c: tbe C 
PP read sensci -is particular!; sensitive tc these i c t e r i a 7 1 : : n : c : t 8 c e s 

Tc produce a s p i c - i e p e n ri c 2 1 tcaaeiiDg p h £ some 2 0 : . the f :• ' > r aa: > e C C r f 
materia! layers a'? f e r r r, ma g & e : I ■: . *hiie the intermediate Tairri^; 
r is formed cf an eiec'rica: :T igsalatin? material. Fcr esaT.*:^ -he f: 
rst aod second material layers can be forrcad cf NiFe. CoFe. Cs . Ft. 5: e 
tier ferromagoetic materials, -rhile the i n t c rme d 1 at e ma?e' : a : lay?; cat: 
be fenced cf A 1 2 0 j - A 1 N r BN . S:Q. Si- S;C- cr ether itsa'.ar-ng materials 
. Also, while tbe first and second material layers are In 1 h ?. range of 
abeat L 0 0 0 angstroms t.c about 2 0.0 0 0 aagSircis thick, thr : c : e rrre 2 i a : t : 
aver i b i c k 0 e s s is i c tbe range c i a b t u t 10 a c g s : r r, m 5 t c a b g e t 20 a c £ s 1 1 0 

IDS . 

A >ia hcie is etched through the t r i - : a 7 e : t c r r e first ' * a ri : r c p c r * t 
ice 74. Tbe via bcie can be etched in 5 0 y appropriate kre^r metre: • •: h 

as icn milling through a patterned p n 0 1 c : c s i 3 : ; a y e r . RG*e?er. pr?:e'a 
blj, the via hole cod be eicfeeri using icn lEt'iiug lh;ojgh a bi 3;fr r e ^ 
i s i stricture thai is appropriately pat i e r a e d to achieve a d t s : * e c v :3 h 
die shape. Ac ether via hele a > 5 e can be etc lied through the t : ■ - 1 3 - e - to 

tbe first leac. i c ibis ur a separate c p c r 2 : i c e . at = c ro c justice* a*2? 
Ircro the first via bcle. In operation 76. the f : r i t materia: iayer :s e 
t c b e d t c form a first act i v e i a y e r * i t b as e 5 g e . The etching r. ' 0 ? e r 3 : : 
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or 76 can be perrcrxen at the same -ins as the etckicg o i cpers::^- M 



D 2 r i a g cperatitD ? 5 , the i e r g d d sad t o i e r rt e d i a I e ma . e r : s i ' a " e : s •: ? r a 
iso be etched, r h e 7 e ii ;: eipssiug edges cf the sccca: asd i n t c r nt • d i 3 r e ?na: 
erial layers which - tofeihe: viil -At first a c : i 7 c ! a 7 e r edge . ice a 
dews 1 1 - S e d e pg $ i : i c n tzr. cccer curing tiie crcsisgs. such the: : 5 e 

material layer and s c c g n d ntarerisi ie*er are t ! c c i r i c 3 " » 7 ccs'ecred sic 
ng the side^al;. C c r- n e c i I n g lead it 2 : ? r i a i : s gcdos : ;ed the 7 : a r. ' : 

c ic cperaticc 7 8. This materia; can be I c i ns e i b I various i t: i t a b i e cose 
u c t i ? e materials, i: a d c i _ : c n : h s r c bias ioi£e;:ai$. s 3 c b 2* h i g it - c c e r r : 
vitv CoCrPt. can he s s e tf :c aridi: Inra; provide b i a > I 0 g <i [ the : ? a : sen 
so: 1 a 7 e r s . 

Id cperatico BQ. the second materia' !a?er tj etched se cS • c f 0 r iG ?. 1 
eccnd active layer tb a g edge . ~hi!e the 1 r r e r m e d i a ~ c materia! iaye: i 
s etched on!? part w 3 7 i h r c c £ h 2 t fi 1 2 \ i h I c k 0 e * s of : h c if. ercedis:? ni a : 
e r i a i layer, thereby f c i m i q g an intermedial? i a 5 € ■• h a v : c g as edge. This 

etching removes m a t e ■ i a ! at the e ri g f >. s ! 
e i 0 1 c f an d i a t e layer 5 a c h that i h 2 : e is s 2 
c c t : c j b e t w e e e the first active ! a y e : a - c : 

sidewali. Operat too 52 iocicdes c e p 0 ^ t l : n g an is$6la:ica ayer ever in 
e s e c c a d a c t i ? e layer edge an: eve? the iDtermediate i a k - scge- ! z : h ; 
$ *ay, while electric ctrrent ca* p 3 s f brt-cs- the first ac.ivs layer a: 
d the secood a c 1 i v e iayer through t n e intermediate layer. \ht ? e e 0 : : a : * 
ire iayei is s tibs l n : : a ! 1 v 1 1 e c t r i c a ' ; y i ? c i 5 t e d front :Lc ft:?: act:?: ! 
aver, c r . in ether ffcrd?. there is $ a b 5 ■ 1 r. t 1 3 : i y ne short circuit s a : h b 
e t y c e q them. 

Figures 3 through I! depict an SDT sense in acccrdarrc ~i:h as cmbr:: 
men: 0 I the present iotcEticn at various Stages cf f a b : : c a : : on . z 
me t h c d a c c c r d i a g r e an c m & c d : m e n i c f the p r e s £ « : i 0 ? e 3 1 i c n . F i sr = r e 3 A a 
q d Figure 3 B d e p i : : a p ■ a c ? i c * a 0 d c r s s s - s e c 1 1 c 0 3 ! vies. * e s p e c : t ' ; e . y , 



he secend active iayer asd : s 
> ■ s a : i a 1 ! e i e c t : i c 3 i c :■ n : 
be second active 'aye: at the 
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c f a ssbst rate s 02 c c v e red by a first s h ; ? 1 o 104 and a p a r. f * i ; e -i r i <■ * r 
oat layer 106. The ? r b > : : a : c i 0 1 car be f c r m e c c ! a i y a p :• r c : : : s :. ? r r r - c 
c a d 2 c t : 7 e materiel S3 :h a- siliccr Glide. The first s h : e i ri 10 •: is *'rrTf. 
d cf any appreciate magne: ; c materia! such as NiFe. The ? : 's: ? h : e ' r- i 
0 4 can be c e f i a e z by any k n o Tn p r c c e s s such as applying s p i : r e * r ti she: 
c r e s i s i . layer c ? e r t s e s a b s X t a : e 102 and then p ! a : i a ? t h e f I r s t s s ' : e ' c : fi- 
at e r i a 1 Gate the si !y< t r a : ? 102. A ; t e * t a : i v t 1 7 . 2 ' i * s : s h : e ' d :r 3 : * r : z ' 
can be spattered arte the substrate 102 and then e t c h e d ti s i a l icn z::'.\t 
I . The undercoat i a 7 e : 106 is fcinie: by d e p 5 s : : i 2 g e n 0 e " c c a : m a : e * : z . 
such as AloOn. SiCr. or ether appropriate ieSuiatio? materia . , aft'' : h e c 
piaaari2iDg the uodeicsa t materia: In expose the firs: 5 h i e 1 d 154. Tht 
p I a n a " i 1 a t i c s c ? the u 0 c e r c 0 3 : materia! can be achieved c s : t g CM P p r c c e 3 
ses. cr cthe: appropriate prscesses kne^c :c tie arts. 

Figures 4 A and 4 B depict, id piac and cross-sect icaa! v : e * s . respect ; - 
ely, a first lead 1 0 8 fcrmed c?e: the f::*t shield 104. The firs: I c s d 
108 cao be forced cf suitable c c a d a c : : ? e ?naier;al Each as ?cld [At), cop 
per [Co;, cr t a a t a i qsb ;Ta; . Further., the firs: le;i 7 0S car be dir'inei 
b 7 tie depesitioa of a lull film c? the lege ntate'ic; :c'. Ic^ed by et'rir 
g sach as 1 0 ri c i i I i n g . Figures 3 A and 5B sbo* a s p i n - i e p ? n c e 3 1 1 5 o ? e I in 
g (SDT) multilayer 110 g ^ e r ] y : c g the first s h i t : c I D 4 _ the d ! a e a ~ i 2 e : ? : 
dercca: layer 106. a s d i h £ firs: lead ! 0 > - As depicted it Figure 5 B . 1 h 
e SDT iduI t i ! ayt; ilD iocicdes an 5DT tr ; -;3ve: 112. abc^e *i?ich as 
ferrcicagoelic 'AFM) layer 111. a u d a cappice layer 116 lie. 71-e SDT 
-layer 112 includes a firs; magnetic layer. FM1 is contact *i:h the p 1 a : 
3 ? i 1 c d uadcrccat layer 105. 1 h e first s b i e 1 d i M . a d e the firs: ! ? a d i 0 0 
Id a d d i 1 1 c d . the SDT t 1 i - i a y c : ) 1 2 includes a « c c r; n : f c r : d sr. a 2 n r t i c ; ? 
yer FM2 , which is separated frctt the firs: f e ; : oica g c e t i c lave: FMi b ; s c 
iosalaticD iayer. INS. In such a c c n f i g d r a : ; c n . the AFM T a > e ; fcrctivt; 
s to pin the magnetization of the second f er .• cmagoe 1 1 z layer FM2 . **t:r. fe 
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is, i here fore, a pi use: isi-ar. ^hile c t h e - processes can t--r ;*::. 
rably the SDT mc ! : : i i r e : ■ a y e r s are sputter deposited : r. a cc e out::--: r 

fashico witfacu: breaking : L e v a c ^ c ^ . Saci* depesiiien prc:t.:? pre'; 

r a b I e i n l e i J 2 7 2 r i n : e r i a c e : . 

Figures 6A and 68 depict 2 p 3 : t e r a e d b : - ! 3 7 ^ ^ photoresisr :20. *cii 

as a first via hole 1-2 *d c d e seco-cd via be 1 e 124 which are inrxii s ; t 
•ching throcgh £ i c , y. ". c r .1 s d b i - 1 a " e r pho:cre?:it 120. T h ; > type 5 f b : - 
layer p he t g r es i s i c 0 a ■ i g a 1 2 t : 0 b a 1 d 5 the removal cf tbe p h g : 0 r 5 ^ ; > : : " e t. 
aterial after bard 5 i a s m a : e ; i • : is depositee, as described be . st. The 
patterned b:-laye: phuturcs: 51 i 2 G can he formed by asy 5 : i : a ir fi k^*: e 
e ihed that remits in the steppes p 3 l 1 e r q * i : b undercut « n:*rj i r Figure 
63. For example, a 'irsi p z c 1 5 f c s : ; t ; a ; e r ;26 can be depceiren n-er th 
c SDT multilayer 110, ever *htch a second plictcresiit iayer \ * cep^s 

ited. Different m 3 : c r f a I s can he chosen icr the Mrs: pbotcretist layer 

12 5 a 0 0 the s c c 0 s d pfeoteresis; i 2 ;•* e :• 1 2 S . Fact • b a : u p c 0 e r p c 5 a r c . the 
ta?e layers react differently an: are r e t c v e d a: c i t f e : ? 2 : r 1 v e s ?rc* eac 
b ctber. Witb the patterned b i - I a 7 e r pi: 0 ; c- r e s : s : i2(L ;o: mi: 1 in? fcr£s 
the first via hele 122 and scccH v I ^ Mie I?-! Ih'Gigh rn S ?;T hjl i 1 1 ! * ;• e 
r 110 to expose the first lead 10 8. This etching 3^0 expose? a lirs: s 
iscwai 1 (cr edge) 125 acd 3 second side^ai*. fcr c d ? e ^ 1/7 oi the SDT 
tilayer 110 : h 3 : form p 0 r t i g j s u tht b 0 u c- d a r i 5 ? of lirs- 5:: ^ f c v r - y:a 

bcles 122. !2* : respcciiveiy. In adJiiies. a width ft*? c? 3 r> r ' t : c r 0; 
FMI that lies between the lirs; and second vis Ices 1 2 2 . ? j I :s del::ea. 

A i t c j d a 1 1 t c i v . an i m 3 ? e reversal p : u c e s s cat be u s e d t c fern: the f : * ? : 
via bcie 122 and the s c c c n d via bole 124. Thus, a: : h i s print ; r. the ; a 
brlcaticn. frcrn a pi a* view, rhe 02 tie: tec bi-'aye; ph c 1 q : c £ i ? : I" 1 ? ?nr 
exposed porticos cf tie first =ean ] OS ran ho seen as depicted : r. Figure 

6A. Tb e remaining per: i c n cf Fitfj (nrras a first active layer. 
Figures 7^ and 7B s e 0 ^ rcaieriai depesitea iatr; the • 3 I,:- ie 122 
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and [etc the second "is h c i e 12-1 ic f o;nc a hard bias less, or •* r r. c c ; : 1 1 
lesd r in and a b s r d bias 131. r e s p e c t i ? e i 7 . While lb* ss:t t rees :•*>!? 

je: photoresist 120 is :d plac. ourir? the depesitien cf the h 2 : j t : < ; : 

e a d 12 2 ana hard b ; 2 : 1 0 4 m 3 : e : : 2 I . after t ii I s d £ p 0 s : t : c n t h € p s : >; ; r e ; 

bi-lafer phctsresist 120 is removed. Thns f in plan vie*, a; c ? n De i ? : r. 
in F 5 g u 1 e 7 A, the t c p nl the STD in? 1 1 i .syer 110. cr tnc csppiii* :ayer ! 

16. can be seer j I 0 r* ^ : > n the hire b ; a ? : e 3 d i !i 2 and 1 h s hi:: h : ? ? i 2 : . 
As can be seen in Figure ? R . the fcard bias lead 13 2 is cca:i?H5B? «" : :. '* 
roe SUP t r ; - : 3 v e r M2 aicn? the first s ► d e ^ a * ; 125. *l;i;e :he hard b : 1 s 
134 I s ccntigccGS with r h e SDT -ri layer alcog the second s:de*a"* =2-. 

Ac ii ;bc?n -ia Fibres SA aod 6iK tire SDT rci; i : i i 3 r e r ill 1= treses. r'r 
ereby defining a shape cf the firs: f e ' r cmag ne : i c lave- Fa:!. • h 

s etching can be p c r f c r m e d rite known p r c c z s it ? 5 1 cs a> the 5 s t cf phctf 
resist tfeat is patterned and t fe e 0 uses 1e c c 5 j e n c t ! c n *i t h : c t- m : ' 1 : n s . 

Although Dot shews in Fi^cr? SB. ether s id-era :1s of :he S0 T ips * ' t i a y ? : 
are formed durieg this etchicj. Aire- t h e etching a n i removal 3 ! 3 is 7 a 
sed photoresist, Figure E J . shs*s thar in p'an vie*, rhe h?:i b : 3S " p 5 ri I 
32. the hard bias 134, the 0 n f> c r capsifjj iaye* cf the SDT T?ir : aye- !iO 
. the firs: shield 1 0 * . aod the p ! a n a : I z t z u 0 d e r c c a : 'aye: ! 0 *i can be s e 
e 0 . 

A; Is depicted in Figures 9A aDd 9B. arcther b: lave* i> h c : c ' ? ; ; ? : ' 2 = 
is formed ever a portion c f the S 31 mu'tiiayer 110. a p^rtlrn of th« h 3 * 
d bias lead 132. ana a pcriico cf ike first shield 1C>4. Witr :h? hi lar 
cr photoresist 135 in place over the SDT niijitilaye; 110. :he SDT m^i:i;a 
jc; 110 is e:ched. Icr example b? ion niiiia?. B7 tsicg the hi-. ; 2ye: pi 
ctcresisi 13 5 ever the SDT multilayer lit), s: ether suitabit in el hid. i ? 
c r 1 ion cJ the 5DT mt 1 1 i 1 a y c 1 110 rcrr.aios intac:. ^hiie in ai ' otht: arcs 
the capping 116, AFM 114, and FM2 )ayei> are ren::;vcd. txp^ting the J\ 
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S la yer . 

Figure 9 C is an enlarges » i e > ; b : : c e ; iiinstrating the ttii'.z t h : ■ 
etching in the area c-f the Sir si and second s i 5 e v 3 ! is 12c arid 127. ^'i ! '. 
e the fir 5* and s? e c r a c c 1 a e » a 1 ! s 123 and 127 are shc-wr; e x em 0 ! : f > 1 1; u 
results cf the et:h:ig. of course simiisr results are act : 5 ^ e : is :bc z: 
cas cf ihs crber $ id emails of the 5 07 mu i i : I a 7 f r 110 t'33: are : r, ; z'z-r-i 
id Figure 9C. Due t c the stepped a n i uadercet noire cf the b\-'.z\i: £.■'•. 
dtoresist 135 f g r me d abc^c :S:e SDT mg ■ 1 : : aye r . porticos ol .the c^ppinK- 
AFM. and f e ' r c ma g s e : i ■: [aye: F>T 2 b c : > j j u j Lie first and S e c c n g > i q e ^ 3 ^ . s 
1 2 5 , 1 2 7 remain :n:act : Titfc tim psrricn cf FMi tha: remain? formic* a 
second active layer. A 5 can be seen io Figure 9 A . the s e c c n d a-:: v e a y 
er then has a facing [z: f r g n : ; sanacc ;c: edge; 125 that ":e? a b:b 
stantiaiiy different p '? a a e than that cf 8 facing surface 12" cf i\a ::r> 
t a c t i t e layer, [a additifin. the e ~ c h i □ f is h a 1 : c £ befe'e etchln? is 5: 
ccanplisbed ibrcngh an entire thickness 7 of the i o = a ' a t i q n : 3 y 0 ; . iNS. \ 
he / c a a t n 1 0 g peri ! c £ c f which forms 35 i d : e ; fc e z i s : e -aye-. Thus, b e c 3 u ? 
e t b e FMl layer is d c : erpesed d d r : d g the c : c a 1 d f . : h e • c c^n h~ s n b e 1 2 d : 
iaily no redepesitien of etched FM2 materiai ; r. a t ccuid conn-:: ?he FM" 
and FM2 layers. Io this *aj, vhiie eiecrric current cau oass between tb 
c f [ j s active lave: FMl and toe seeded active -aye; FM2 t h r c e 2 h the In: 
ermediate layer 155 : r h e sreend active isycr FM2 is 5 3 b s : a n * 1 5 : - e i e c : : 
icali? isolated from tiie first scti^e lay*' FMi. nr. in c : - e r -era:-. ;r.e 
re is substantially *g short circni: pain b?t*ce: them. 

Id a particular embodiment g J the p r e i e d : i c » e q 1 i c b . the end n c i r : r i 
the e t c li i 0 g can be d e t e : id i n e d by men: tcriog the nt ; i i i n jr. rate c ! t r • 5 DT 
layers. T b r c u g fa : e 5 : i c g . the m ; i ! ; n g rates are determined f c r the p 3 r : i 
c 0 1 a r materials u f FM2 and INS that a - e r n b « used. F : 0 k these cr i ": i : r- ? 
rates, an a igcriiDit can be devises for determining he* muci; longer to e t 
cb given particular- ntiiing rates cb$e-*ed diring I a n r i c a t i «; 2 . Fhts. d 
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o r i Dg fubricaticn, t hi tr.il :icv ra:e of the SDT layers is sn c r: i : r : ■: c . jr. c 
raiiiisg is stepped baser; epen the dtiec:cd milling rate arc! : fc s e m p ' : : c a 
liy devised a I ? g ' i t n ^ . A : ^ o . sireo the materials nsei in F\;2 an: r .»b hi- 
e sigoif icaatl? differen: iriMioij fates, as is the case b * r ? e * n N:?e a r. c 
A I N , the c fe a b 5 e Id roiiiir g u:t= is tot-: easily and mere ; ck .7' : e c*;g5 
ized« f a c i ! i t a t !sg prec'se etch end-pcio: dc.ectica. 

After ibis trchinf. ffbicb dues not e x t : e d u FM1 layer, i f : ? >". :i 
cerface surface 140 cf K3H between :he firs: and secc-sri sifc^a i? \2z. ■ 
21 ns a firs; Tidrt Wl . ?h I > t a sec?nc : n : c : f a c € iu-fsce 142 c? FM2 dc: 
ween tie first a D d second S:de*ai!s 12:. 12* has a second *;3!c W2 :ha: 
is smaller cbas the firs: width W T . Fcrihe:, the >N5. or i tj t e -ie i : i : • : 
ay e r T has a third interface Sntface 1 4 i wick a :hi:d * i d t h W3 £ b a t is sn 
bsiaDtialiv equal :c tie first width WI . 2nd a foer-i: : n I e r f a c e >:-isr.r 
H5 with a fourth ^ i a t h t h 3 r is £ e b 5 : a n ; [ a i 7 eqsal ts :he seems xi: 
th W2 . Of c c n : s e 7 a i : e r b a t i t e etch: « ? methods cede be used ^r.ci 1 ^-u i a 

etcb cnif part t h r 0 g g b r n e INS : a y e : as described above, but *hich 

ccafd reSQlt in diiferest reiati-'e ^iatas cf th: above describe: : ::?r!s 
ce s a r faces ihao t k 0 s -t sdptd in Figure 9B . 

Figures 1 0 A a d d ! 0 B s b c * the a d li i : i c n c f as I n 5 1 : a 1 I 0 b i a y e : 1 5 ! J : e P n s 
ited ever the SDT multiiaye' 110. rhe hard bias lead 135. :he ha~i b : s s 
134, the first shie'd i C ^ . a d d rhe issuiatict ia;c: IS 6 *hi"? : ; e Si--?-:r:5 

bi-:ayer pbctcrcsis: pcr-ioc? *e r ? s : I : ! in price. A f t p. : r ear < a * n { • n 
e secend b:-!aycr pa c • 0 r e s i S t . 2 f:*>r s ii i e ! d pcrtics 104*. a hard has 
lead pcriiDB 132 T . 30: ac SDT me i t i i a J c r pcrticn [ 1 8* arc espesed :)r:i:? 
b the insolaricrj layer 1:0. Thus . as shc*n it Figure L I A and ! \ B . a Fee 
cud shield 1 b 4 cari be I c rued io centaur * : :h and c?e riving lh- SDT rnui*- 
layer pcrticn 11!)' . The second shield 1M is femes cf any j 2 i : a b i e c:r. 
d 1 c t i v e materia! s g d car. be f c : a e d by first d e p c s i : i r. g an S i F c seed i a " e 
r and mask, e.g., a p h c 1 c p I a t i c g cam C d c t sbewt}- s!:er *h:ch :ne s e c c g £ 
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shield 154 is piaiec. I :m : '. a r ' r . ann p g i e 5 1 : a i ! v deriag i : * :s;rs v. : * 
F$ steps, a firs: shield via plug 156 a r 5 a hard bias is an ?:s u s 

can be f c r m c d . T o ^ cask 2 2 2 s e ; ri ! a y e r are : b e 3 removed : c e >: p c = * :h : r 
s a I j t i c a layer 136. 

After additiccal fabrication fcrruF a sr:l:s element 34 c?er!y;ng the S?/ 
T mn 1 1 i - i a v t r Cool 52075;. t b € read/*r:;e sensor Is lapped r n fern; a: ? : 
r bearing surface - A 3LS :U: is s a b s :a « : 1 3 I : y perpeadicciar to tie SD 7 "57 
crs and s a b ? t a h : i a I ! y p 3 r a i i e ; to the vieTin? plane llB-ilB. ^::h 
priate iccaticu of ue bi-!a?er phctcresi*: shc^R in Figure *3. a;d iats 
lag ic 3 cc r re spend i ag ! 7 appropriate pare, the FM5 racing ssrface 1 3 G < 
an be recessed relative : 0 the ABS (and thereby reiativ? to the first 3 ■: 
t i t e layer Fit I facing ssrfac-t 13";. In this *ay. FM2 ii cc: lapped asd 
I h d 5 smearing c f 1 !i e F M 2 materia! i = avoided d n r : n * ! 3 p p i c z t c i h e ; e b • c 
Tcid f c r id i s g a short circuit between KM; and FM? , i ; s . thcr? is c n r/ 

0 r t n n i t y f c 1 c c j r c s i « d c ! FM 2 1 h r c 0 g h exposure a : : h e ABS. ! 2 a -i a i : : s . 
f c r appropriate ? e c c s s distances I . eve* r h n g g h t !: * recessed - c c a t i c 3 5 

1 tfae pinned layer FM2 affects 1 3 e free layer FMl mz g : e t i 2 2 : : 5 1: . cor- 
responding p e r c e a i a g e reduction in 5 D T ? e n ?. c r s e 3 c i ; : ; i : y ; * Smsii. M c " 
e specifically, a 1 1 U a g h the 5 e n * I d g area i ? redur.ee by ; b i = recessed it 
sign, -he intrinsic high r e s : e t a e c e and h : g a A R/R c f the 537 sensor c 3 n 

compensate for the reduced s : ena!. Fc* exjm&:e. ^isjraitg a n S37 aj^/p 
of about 2 O^t . it has b c c c c 1 ■ c e ! a t e s that * : t h Z 1 b 5 a : C ■ 2 // at . t fc c f r = 

layer tilts a b c 5 1 7° d: ffcreul t h 3 ^ i f Z = L' . tee reaccti n- I sersi'i 
?ity is jess than a be si 1 :V Ccoparicg such perfsrwacce * '! '. fe an AMR aic 
ttae d tc have a AJt/H cf abet: 1%, l b e recessed design SDT sesbo: stiii c 
xhibitt significantij g r € a l e 1 s c n s : t i v : ■ y . 

The SDT read/v-ire spdsc* t h u 5 fab.'icattd. then can bt : n c c r pc r e : e : »• i 
t b d s s £ p e d s i 0 n s y s 1 1 m that ran sapper: : b e r e a d /» r i : e bead lor tr 1 ' c sr. t d : 

ever a surface cf a magnetic media, and a disk drive mcicr :rs: 2 ri 
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rive spindle oon ?rb : r h ^ u c h i magnetic media is Supper ; e 3 ; : ' * r. 
as ii list rated in Figures I* arc IB. With appropriate wiring. ; >iz>\x.z 

current 1 can b; li::cd3C«3 :s :hc SDT lasers ria bare fc i ? > "eid T :« p. 
ug 15 6. the bar- bras ie.id 132. an: the firs: lead ICS, as cs: be ^ ' : ^ r ? 
tccd with reference ; o Figures 1 1 A a s d i 1 B . The sensing cr'f^ c 1 : c i : : 

continues tc the second shield 154 after passing through the 53T '?rer; 
. While the sensing csrren-i ;s appiied. the ? c 1 .age :i Her ence b?:*eef: 
the first shield, via a ? d : s p ; i a * firing ic toe firs; shield *is pi u< r ^ 
6, and th« £ e c c d shield 1 5 \ ran be nissircied :c u c t e : m : n e the re::?: : v f 

icspcDSe g ? tee read denser dcring cpera: ioc. 

While eiab o d i me 3 : s cf the prefer.: invent i c tj have bee a describe: :: :he 
context cf as SDT tea: sensnr. ir f h n u i d be undcrs:ocu isa: :h? ? r e = = r r 
invcDtioe can a-SE be practiced in -fee rca:e*; cf uinc: :???s cf C?? rea 
d scoscrs that can beoefit frcm s a * £ I s 2 : i a ! I ; avoiding s c r , r : c ; r c ^ i : s be 
Ucen parallel iayers t fea : orer'ie nse sncrher. 

Although the fcregcing i * v t r. i i c n ha? been described id SOise c e t 3 1 ' fc: 
purposes of clarity cf a a d e ; 1 1 a n s i s % . :: *i i 1 be s p p 2 - e i t □ a : cer:?:r 
changes a o d m c d i f i c 2 \ i c 3 s roar be pratr: ccd w i 1 h I a scope c f t h t a n >■ e n 

ded claims. According!?, the presesi cicb c d i rce e : s are ic be c c o e : c e r e d a 
s illustrative a 33 d a d t restrictive. « n ti :ne i 0 > e n I i c t is c c : : ■: be ! : it i : 
ed tc the details gi?en herein, ba: mg 7 be iccdifiec * : l L : :; ice sc:pe 3 1 f 

equivalents cf the appended c 1 2 i m > - 
4 Brief Desc t I pi i on c f D : a* i ng? 

Figure 1A is a part : a i cross s e c * i c t a I f:on: t : c v a : I u n vie* cf 5 frag:? 
tic disk drive ass enb i y : 

Fignre IB is a tcp p 1 a d ?:e^ ale:* lint IH-IR ni Figure 1A; 
Fignre IC is a c r f : 5 e - s c c 1 i c d a 1 sice vie* cf a r e a c - * r : : t read i n c *; : 5 : 
at jug a magneicres i s: i vc efleci read sense:: 
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Figcie ID is a c:c« i i * c: : Ota ' v : e ^ of the read element of F!g,:* iC: 

Figure 2 A is a fie* c h a ' : cf a m e l h c d qf fcrming se SDT : c 3 : « ? .:• : : - . i 
c c c i a i a g : c a £ enbGdimeo: c * : h e p : e s c n : : d * t £ t i c c ; 

Figure 2 B is a flew c h a : r el the e p e r a t i c n g f f c : m : c g a o i 1 1 ; : * t : :' i : e 
fflDiti-lave: c o n s e r c c : : c - shews in F : 2 £ r e E A , acccrdiag iG an eusc : iinen : 
c f t b e present, i o t e c t i c o ; 

Figures 3A ; 4A..5A.. 6A. "A. 5A. 3A f iO.L a 3 d 1 1 A are piai: ;\»-\ of £ ? 
a r t i 3 1 • y fabricated SDT rea: sender a: vaficas stages C! f a b: i c * : : i- :: . s: 
c c r d i c g t C an e it b c d i rn e t : of : h e p : e * e - : i n ? c a : : c c 

Figures 33 , 48. 5B. 63. 7B, S3. 93 r I OB . a nr 1 1 B are c : c * s - * 5 c : i c na ; r 
i e ^ e Gf the partially f a b : f c a t e d SDT read s ; d e : r of Figures 3A, 4A. 5A. 
6A, 7A t 6A , 9;\. L 0 A . aoc HA. respective;?, ae:s:c:2g ic an e^b^d itccn i c 
f the present i d v e a : : o a : and 

Figcre 9 C is aa enlarged c • c s s - * e : : i c n a i re?" c ? roe p a r : f a ; 1 y fabrics 
ted SDT read sen sin c- Figure SB : a : c c r d i d g to an embed iacs : si i\z ?:cs 
e o t invention. 
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1 Abstract 

An SDT read s e e • c r : s i u i e s a firs* I i : r cm 5 g n c t I c (FM) ' g ? e : ?. r. d * : : : •: 
end FM layer separatee t y an : 3 : u 1 3 : : 0 g i a « e r . The [ i - 5 : F V : a y e r as: • 
eccnd FM layer a:e s ubs i a r l i a I ! ; e'sc:rica;iy : i c i 3 : e d Itct r 3 r b o:i:--r. 

Specifically, -he s I d c ^ a i of said SDT read s e r ? c : a*e ; u fc s r 3 a 1 : ?. ! I y 
free cf electrical paths bci^ccc ice first FM '.ijt: and :be 5 e c *i r* i FY ia 
jcr. .A 1 s G , a surface cf :sc second F£ layer that is e ul = : a 3 : i a 1 ! y pars, 
iel tc 1 lie air bearing surface, is rccsssec f r car tsc si: bear: ng Sarlac? 
. A method for Icrmicg aG SDT read sea?'.: inciE'e* d 5 ? e > i i i f. 3 a F 
M materia* ia?er. depesitiaz an : s ■ c r ec d i a 1 c ; n 5 a 1 z * i 0 c materia- lay*r - 
ter the firs: FVi &a i e r i a ! layer, a d d then cepesitisg a secus: F>i x 3 1 e r : t 3 

1 layer ever the i n r e r roe d i 3 ; e iosulaticn te a i e : : 3 : layer. The second FM 
material layer arid the inieimedizrc issuiaiioa siatcr;?; ia?*r are etched 
, with the etching b e i 0 g stepped b e ' u : c l n e e t c t : c f etches the firs: F v; 
material 1 a j t : . 

2 Representative Drawing 
Fig. u 
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